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Preface 
The Island Ecosystems Integrated Research Program (IRP) of the US Contribu-
tion to the International Biological Program (IBP) has been active for 18 months. 
The program is centered in Hawaii. 
The original name of the program, HAWAII TERRESTRL~L BIOLOGY SUBPROGruu~ 
was changed early last year to ISLAND ECOSYSTE~ffi STABILITY AND EVOLUTION SUB-
PROGRAM. The change of name was made to indicate more clearly the main objec-
tives of the program, which are to study the ecology and evolution of island 
biota and communities and to interprete these in the context of island eco-
systems stability. Moreover, our program is concerned with developing princi-
ples that are not only applicable to the Hawaiian Islands, but to island eco-
systems in general. 
The program emphasis is on basic research with an equally strong orienta-
tion to the solution of regional problems and the practical issues of today~ 
wherever they are -concerned -with the interac tion of man ahd die. b:/:61ogical. z:ec-
sources' of.islands. 
Endorsements: The budget request for the Third Year (September 1, 1972 to 
August 31, 1973) as detailed at the end of this report, amounts to $657,734. 
We request that this sum be made available in t\o]o separate institutional grants 
as before, one to the University of HaHaii, the other to the B. P. Bishop Museum. 
University of Hawaii 
Dieter Mueller-Dombois 
Director 
Andrew J. Berger 
Co-Director 
---~--. ---.Mort..o.n-.l1._R(Lsenberz- __ 
Assoc iate Dean 
Research Administration 
Respectfully submitted, 
i 
B. P. Bishop ~~oeum 
J. Linsley Gressitt 
Co-Director 
Dr. Roland W. Force 
Director 
Bishop Museum 
- ----~ - '-~- ~ 
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AlI-iS OF ISLAND ECOSYSTEHS PROGRAH 
The scientific objectives of the program remain unmodified from our funded 
February 1971 proposal, and the framework within which they are pursued is be-
ginning to shmv ,Jell defined '. aims. These may be stated as £0110\>Js: 
~ to integrate the study of ecology and evolution 
if' to help solve regional (island) problems 
to include man in the island environment 
to broaden our base through comparisons with other island ecosys-
tems and through international coordination 
to develop research integration as a continuing modus operandi 
for island ecosystems research 
Integration of ecology and evolution 
Our program title is ISLAND ECOSYSTEHS S'!'ABILITY AND EVOLUTION. There 
are two basic parts to the program: 
A. Evolution of species 
B. Ecology of species and communities 
From the beginning, 1·;e have wrestled with the problem of hO\17 to combine 
the two parts so that they vlOuld serve as a meaningful interpretation of island 
ecosystems. The solution vle offered vlas to study the evolution and ecology of 
species in the context of the community and then in the context of the ecosystem. 
Therefore, we intend to bring our studies in population genetics and aut-
ecology (life history) together in accordance with the fact that in nature popu-
lations of biotrr occur in communities. For this reason, we developed the approach: 
1. species identification 
2. quantitative enumeration 
3. sociological interaction 
4. physiological ecology 
5. synthesis models 
This approach W?S develoP§<1 v7Jth re~pectto~pecified isI?p.dcoo::tnun:i.ties __ . 
~~-:--~-
nnd ecosystems, known as IBP transects and study sites. The approach is consi-
dered sequential, but progress is not necessarily tied to this order. Many of 
us are still in stage land 2, others have progressed to stage 3, or are pro-
gressing from 1 to 3 to 2. Stage 4 may be carried out by the same individuals 
working on 1 through 3, or it may be handled by different investigators speciali-
zing in physiological ecology. Stace 5 is emerging around various areas of 
emphasis that are discussed under INTEGRATION OF RESEARCH TASKS. 
A major condition for the workability of our approach is coordination of 
2 
sampling and research in the same ecosystems. Therefore, SITE COORDINATION is 
an essential part of our program, which is discussed in a separate section in 
detail. 
Our more immediate evolutionary objectives are to learn about mechanisms 
and rates of speciation; these are studied on an intrapopulaticn level. This 
means that some of the evolutionary studies will have to be pursued in areas 
outside the specified IBP sites. Evolution of species and their autecology can 
be studied to some extent \vithout a detailed knmvledge of the ecosystems. Hmv-
ever, the study of species evolution and autecology of species and communities 
is not our ultimate aim. Our scientific aim is to combine these research orien-
tations, to be able to interprete adequately the evolution of ecosystems, and 
to predict the degree of stability of these systems in island environments. 
1. Species identification 
He considered stock taking of our biological resources as the necessary 
first step. In particular, this involved the preparation of checklists for 
specified IBP sites. For some of us, this phase is more complicated and ab-
sorbing than for others. Therefore, progress in this first stage is necessar-
ily atdi~J erent levels. 
2. Quantitative enumeration 
Most of our vJOrk is currently done in this area, and much more needs to 
be done. In st udies \"ith short-lived organisms (insects, fungi, algae), quanti-
tative sampling must be periodically repeated and much of our third year budget 
Hill be expended in more assistance for routine sampling. The aim of this second 
step of our studies is to establish the basic population and community patterns, 
3. Sociological interaction 
The interpopulation structure and dependencies form the central core of 
our ecological objectives. This is the area in \07hich we hope to construct 
simulation models for predictive purposes. 
4. Physiological ecology 
Hetabolic processes. tolerances to environmental stress, and organism fune 
lion under field conditions are information elements essential to explain eco-
system stability. To this end, \ve intend to go further into process studies 
along the lines established by the :j.ptgr-biome committees. Some of us are already 
~orking on problems in physiological ecology. 
5. Synthesis models 
All subprojects can be fitted into an overall island ecosystem model. 
J .:: 
;1: 
3 
However, this model is as yet merely an idea of hm·; the various subprojects are 
organized in relation to the essential ecosystem components. On a more practical 
working level, a number of research emphases are emerging from closer integration 
of research tasks and increased information exchange. Such integrated tasl~s in-
clude the study of seasonal phenomena in ~elation to phenology, insect-consumer 
processes an:d others that Hill provide the data pools from which sub-systems models 
can be built. It is anticipated that the synthesis of subsystems vlill eventually 
lead to ,<vorkable syntheses at higher levels that can be assembled for specific 
predictive purposes. 
Regional problems 
Each environmental program of the US/rBP has its particular set of scientific 
and practical problems. 
Scientific problems 
In the Biome Programs the scientific problems of ecosystem function are focus-
ed on a specific ecosystem structure in each case. The ecosystem structure is 
given by the principal life form (herbaceous, evergreen trees, deciduous trees,etc.) 
and its arrangement in space (closed herbaceous = grassland biome; sparse mixed 
herbaceous,succulent and\-Joody = desert biome, etc.). Similar ecosystem struc-
tures are encountered amens the Island ecosystems, except that each one -- alpine 
tundra, rain forest, seasonal forest, grassland and desert -- occurs on a much 
more restricted geographic scale. To obtain a reasonable degree of island eco-
systems representation of our research, 'tve are concerned with a cross-section 
through all of the island-parallels of the continental biomes. 
Because of their different origin in the islCL."1d environment, vJe can also 
expect considerable functional departures of the island parallels from the con-
tinental biomes. Evolution of the same basic ecosystem structure in biogeograph-
ically unrelated areas (North and South America) is the basic research inquiry 
of the Desert and Hediterranean Scrub Subprograms. Essentially, ,ve are asking the 
same questions when contrasting island and continental ecosystems. 
Regionally unique and related specifically to island environments 
~ is a certain simplification among taxonomic entities because of limi-
tations in arrival forms. 
;, Tlil..s~has lead to generally lo{,y species udiversity within island communities 
whereas, in contrast, species diversity betueen communities and island 
localities is rather high, making for increased uniqueness of any indi-
vidual island ecosystem • 
.. At the same time, structural complexity similar to continental eco-· 
systems has evolved in time from these limited arrival forms to the ex-
tent of at least development of parallel biomes, but some of their func-
tional departures are obvious. 
," ,..~ -
.. -' .. ~ 
.!.'" 
.1 
" .... " 
.~ ,-
... 
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Definite limitations in size of habitats have imposed limitations 
in number of individuals in island populations, particularly among 
the larger life forms. 
Both, limited number of taxonomic arrival forms and limited number 
of individuals per population, have resulted in evolution of eco-
systems that are specifically adapted to island conditions. But 
these appear to have lovler homeostatic capacities to technologically 
induced changes than continental ecosystems. 
This leads to certain practical regional problems. 
Practical regional problems 
Because of the size limitations of their populations and habitats, island 
biota are more susceptible to extinction than continental biota. Another im-
portant reason is that island biota evolved in environments where the stresses 
were different than in continental areas. Certainly, some violent perturba-
tions, 'vhich are associated with volcanism, hurricanes, flash floods, land 
slides, tsunamis, and possibly fire, are part of the stress factors of volca-
nic islands, but these are locally restricted to spe~ific habitats so that 
island populations could recover from refuge areas. Moreover, the periodicity 
of these environmental disturbances has probably been 1m.;!. 
Ne"l stresses have been introduced that are associated with the activity 
and necessities of man. Technological impacts are of a different nature and 
dimension than those now noticeable in many continental regions. For example" 
as yet, we do not have to be concerned about the absorptive capacity of forests 
to airborne and precipitated industrial pollutants. Instead, most of our im-
pact problems are related to the small size of island habitats, the limited 
replication of "island communities, and the vulnerability of island biota to 
competitive stresses of certain introduced biota against which no natural con-
trols have evolved in the island ecosystems. Therefore, the absorptive capacity 
of island ecosystems to non-evolutionary stresses is more limited than in con-
tinental ecosystems. Their delicate balance needs particularly careful study 
before managerial practices are introduced that are othenvise quite accepted 
for continental ecosystems. 
Current issues related to manls impact 
---.~--.. ~ .----~.-.. --- ... 
Man is part of the ecosystem. This includes island ecosystems "fr-bm a 
size limit and quantity of fresh water supply. As long as man operated within 
such island ecosystems without his extended arm of technology, he more or less 
preserved the instinct to adjust his needs to the limitations imposed by the 
island ecosystem. This has changed with the introduction of western technology, 
The natural limitations of island ecosystems were extended by technology, and 
the current issues relate to the impact of technological man. 
The big problem is to understand island evolution and to bring this under-
standing into the management of island ecosystems. In the State of Hawaii, half 
. I :..~. 1. ;: . .! .. : 
. i· ~.: 
.. I 
':-. 
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of the 4 million acres of land surface is currently still IJnder forest, scrub' 
and other non-agricultural vegetation. Management on this portion of the land 
should be carefully oriented on basic research so that the remaining island 
biota and communities are maintained in perpetuity and that also the needs of 
man, culturally and economically, are satisfied. To this end, our program is 
designed. 
Highest among information needs are the following three, in order of 
priority: 
1. Exact knowledge of the effect of introduced large herbivores 
on island ecosystems. 
2. Knowledge of hOvl to maintain island vegetation cover and for 
what purposes. 
3. Increased knowledge of vwter yields and \vater circulation in 
relation to natural and technologically modified ecosystems. 
1. Introduction of large herbivores 
Pigs were introduced by the Hawaiians, probably 1,000 years ago, goats 
and cattle by the white explorers about 200 years ago, sheep, black tail and 
axis deer more recently. These mammals did not evolve as part of the island 
ecosystems. Consequently, their impact is most destructive unless very tightly 
controlled. 
So far, there has been very little scientific information on the impacts 
of large herbivores on Hawaiian ecosystems. He have redirected some of our pro-
gram efforts, in particular those concerning the native tree species Acacia koa 
(koa) with respect to its depredation by goats and pigs. During the course of 
our studies, these animals emerged as probably the major interference factors 
in the reproduction cycle of koa (see reports B-la, B-2a, B-4b). The effects 
on other plants and ecosystems without koa were also investigated (B-lb). 
We intend to enlarge this study by a behavioral study of goats that will 
be concerned with troop-size, migration patterns among ecosystems, sex ratios, 
reproduction rates, vegetation food preferences, and amounts of plant intake. 
Such a study will complement our current studies on vegetation response. The 
behavioral study on goats is to become part of subproject D-2 under the direc-
tion of Dr. Tomich and ~'lill be carried oot by K. D. Abbott, who wj] 1 join our 
program as a postdoctoral fellow for FY 73. Similarly, we intend to expand 
our study on the effect of pigs in the montane rain forests along the lines 
indicated in report B-2a. 
Knmvledge on the impact of goats and pigs on Hawaiian ecosystems is of 
top priority to the U.S. Department of Interior in devising their National Park 
~anagement in Hawaii. The standing National Park policy is to maintain public 
parks in their natural state. In island ecosystems, this can only be inter-
preted as meaning park maintenance in a state which was formed through the 
,----- - ---..-...-, - -- -- -- -- -- -- -- -- -- -
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6 
stresses of island evolution. This would imply management to exclude the man-
introduced, non-evolutionary stresses. 
Scientific kn~wledge - of- la-rge- herb:Lvore impact'is arsoofgl'eat imjJortarice 
to the USDA Forest Service and the Hawaii State Department of Lands and Natural 
Resources whose main resource program No. 3 is "Hanagement of recreational and 
"lild life habitat resources." 
For further information on this problem, see POSITION PAPERS NO. land 2 
in this report. 
2. Maintenance of island vegetation cover 
In its nevl 1971 Forest Conservation Research Plan for the Seventies, the 
Hawaii State Department of Lands and Natural Resources, in collaboration with 
the U.S.D.A. Forest Service, considers aids to decision making crucial. The 
Plan emphasizes that most problems are multidisciplinary, and that the ecologi-
cal base needs strengthening. The Hawaii International Biological Program is 
mentioned as an l.mp-or~anE ne\V uay- to- bring basic research on island biotic com-
munities to bear on practical problems. Under recommended studies on forest 
ecology and silviculture, at least IS topics are directly from our funded IBP 
proposal and Technical Report #1. 
Therefore, the role of the ISLAND ECOSYSTEMS IRP (Integrated Research Pro-
gram) is emerging as a major advisory body on ecological resource management. 
There is a clear expression in the Plan for the Seventies that Ha,.;raii land man-
agement has to be based more strongly on basic research. 
Current U.S. Forest Service research in Hawaii emphasizes the decline of 
native ohia (Metrosideros collina subsp. polymorpha) and koa forests. Much 
effort is directed into studying the rate of spread of ohia dieback and a search 
for its causes. Less research effort is directed to the study of intact native 
forests, although some recent plans have been made to study the silviculture 
of Acacia koa and the maintenance of the high altitude mamani (Sophora £hryso-
P-hyl-la). forest g~ :i'1auna Kea. 
Yet the 1971 Forest Planting Plan of the Division of Forestry, State 
Department of Lands and Natural Resources, does not include these important 
native tree species. Instead, the plan is to plant nearly 6,100 acres of 
public lands in a five-year program to an assortment of 17 different exotic 
tree species £orA-cost QfL.3.-JIl.:i,1l:i,E..~~0}lars. Among the trees for planting 
are 5 species of Australian eucalypts and 3 u speciesor~southern p~nes. 
The problem is that silvicultural knowledge exists only for these exotic 
tree species. Practically nothing is known on the propagation of native forest 
tree species. There is ,no seed collecting program, no nursery stock, and areas 
requiring reforestation cannot be supplied with native tree species in the plant-
ing program. 
However, there is a strong demand for koa wood, which has hardwood quali-
ties superior even to t.;ra1nut. A similar demand is developing for Hm.;raiian 
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tree fern logs that are used as substrates foL' the local orchid and cut-flo:wer 
industry. 
Ecology of Acacia koa 
Koa research was included in our initial program strictly for its scienti-
fic value. A study of koa groVlth rates (see B-4b) and reproduction behavior 
(see B-4c) is, hmJever, of important practical value for koa silviculture. ,(,Ie 
intend to continue such work, while the more operational research, such as 
seed production rates and seed harvesting, raising of nursery stock, planting 
techniques, spacing trials, thinning studies, and selection of superior trees, 
would fall more directly into the area of the HavlBii Forestry Program. A close 
coordination of IBP and Forest Service research activities is expected to e-
volve, depending on the talents available. 
Our koa research for 1971-72 ,vas supported, in part, through a grant from 
the Bishop Estate, a large land-holdin~ corporation in the Hawaiian Islands. 
He intend to expand research on this important forest-forming native species 
by studying its evolutionary behavior in relation to photosynthesis, transpi-
ration, and energy exchange. Details of this study phase on koa are described 
under subproject B-4d (see item #14 under SUPPLEHENTARY It..1fORNATION). 
Ecology of Hawaiian tree ferns (Cibotium spp.) 
There is .similar gap of knov1ledge in tree fern ecology. The Ha,vaiian 
rain forests still hold large quantities of tree ferns. This resource is looked 
upon by tree fern users as a potential supply, However, we have some reasons 
to believe that the tree ferns are the most important stability factor in the 
Hmvaiian rain forest ecosystems. If they are removed, it seems, the forests 
are readily invaded by exotic weed plants (for additional information on this 
viewpoint, see POSITION PAPER NO.3. 
Therefore, we have redirected our fern program (subproject B-5) to a 
thorough investigation of the ecology of HBI·miian tree ferns. Part of this 
subprogram will be developed to specifically investigate the competitive capa-
city of Hawaiian tree ferns (Ph.D. dissertation topic of Richard E. Becker, 
graduate research assistant on B-S). The other part will be devoted to find 
out as much as possible about tree fern farming for local needs to prevent 
further mining of tree fern resources in the future. 
Applicati6~of koa and tree fern silv{~~lture 
There is a place for both koa silviculture and tree fern farming in the 
Hawaiian Islands, particularly on the island of Hawaii. 
Hany original leoa t1abitats have been converted to grazing land; others, 
on a smaller geographic scale, to plantation stands of eucalyptus and other 
~xot~c species. Where such converted grazing land is on shallow, rocky soils 
1D h1gh rainfall areas, grassland productivity appears to be marginal and cat-
tle grazing wastefully extensive. He have a productivity study underway on 
8 
such grassland (by Dr. G. Spatz, not yet among our progress reports) where koa 
silviculture seems a far better utilization of the land. If scientific infor-
mation supports the contention that prompted this comparative productivity ana-
lysis, land use policies should be corrected. Similarly, after eucGlyptus 
stands are cut, koa silviculture should be attempted on such sites for two 
reasons: (1) the restoration of forest as a potential habitat for recovery 
of koa-associated native biota; (2) the much superior quality of koa wood, 
which competes with walnut and other high-priced, fine hardwoods. 
From all of the evidence so far at hand, it does not seem too difficult 
to gain sufficient knowledge for practicing koa and tree fern silviculture on 
an operational scale within approximately the next 5-10 years. However, a 
successful operation has a tendency to expand rapidly. The mainland demand 
for koa wood may become so high that advance planning for a balanced use of 
the available island habitats is of extreme importance. The rBP studies on 
ecosystem stability will be of great importance for resource use planning. 
(For additional information, see POSITION PAPER NO.4.) 
Water yields fiom island ecosystems and their water circulation patterns 
Forest watershed management ranks highest among Hawaii Forestry objectives, 
Fresh water supply is certainly one of the most important practical problems, 
and may determine, among other factors, the sustained carrying capacity of 
islands for human popUlations. While certain research efforts have gone into 
water-yield problems, more knowledge of comparative yields under different vege-
tation covers and knmvledge of Hater budgets of different ecosystems is of con-
siderable value. ~~e intend to monitor water and radiation budgets in our inten-
sive IBP study sites as a contribution to the information on water cycling in 
Hat-laiian ecosystems (subproject G). 
Comparisons with other island ecosystems and international coordination for 
fellow-on programs 
Looking ahead as a multidisciplinary research group, He are deeply inter-
ested in extending our studies for comparison purposes beyond the Hawaiian 
ecosystem transects to other island ecosystems. 
The University of Hawaii field biologists and researchers of the Bishop 
Museum already have a long-standing interest, and have established many con-
tacts with research institutions and individual investigators, in other tropi-
cal island areas of the Indo-Pacific Region. Another group, Hith similar in-
terests and H~th closely estabhshed ha~son to the ISlAND ECOSrSIEHS IRP, is 
the Smithsonian Institution. 
In the planning stage of the U.S, contributions to IBP, a team within the 
present ISLAND ECOSYSTEMS IRP and Smithsonien Institution set out to explore 
a system of validation sites in the tropical region of the Indo-Pacific. The 
outcome of this site location study was published under the title "Initial 
Site Studies for the International Program in the Tropical and Far Western 
Pacific" (Micronesia 5(2): 283-293, 1969, by Doty, Fosberg and l'lueller-Dombois). 
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Contacts were made ,vith several National IBP committees in SE Asia and \vit'h 
International researchers interested in lBP in such island areas as Ceylpn, 
Java, Borneo, the Philippines, the Southern Ryukyos, Micronesia and NeH Guinea. 
The guide lines for this site location study Here to determine: 
1. The availability of suitable sites for IBP studies. 
2. Positive interest on the part of the host country and host agen-
cies in having these sites used as IBP study areas. 
3. Assurance of protection of the sites for the purposes of IBP. 
4. The availability of aerial photography for the area. 
5. The availability of other information such as weather observations. 
soil studies, and some knowledge of the biota at least through 
the taxonomic phase. 
6. Ready accessibility from outside of toe country and from the 
cooperating institutions or scientific centers within the country. 
7. Matters of primary importance such as the waiving of customs and 
immigration barriers to moving scientific material and personnel 
in and"a:m t of the site or country. 
8. The amount of effortt~t the host country or institutions would 
commit to the particular programs. 
'!'" 
9. Comparability of the sites topographically and climatologically, 
and with both primitive and secondary (disturbed) areas in a 
gamut of climates; availability of fresh water and terrestrial 
habitats at different elevations. 
' .. : 
" : '" 
A next step was to begin with assembling detailed information as site pre-
paration for intensive IBP studies to follow. The kinds of information gathered 
were to be along the lines of bur IBP site preparation program in Hawaii, the 
"Atlas for Biecology Studies in Hawaii Volcanoes National Park" (Hawaii Botani-
cal Science Paper No.2, 507 pp., 1966). Considerable groundwork was done and 
progress made particularly in Ceylon, Indonesia and New Guinea. 
Ceylon 
In Ceylon, a foreign currency (PL-480) program, the Smithsonian-Ceylon 
Ecology Project (under the direction of Drs. Fosberg, Abeywickrama and Mueller-
Dombois), was active for 2~ years (1967-69). Coordinated with this Was a 
Smithsonian-Ceylon Elephant and Primate Research Program (under the direction 
of Drs. Eisenberg, Crus.z and Ripley). This vlaS concerned with behavioral stud-
ies of these animals in Ceylon's Wildlife Sanctuaries and National Parks. The 
Smithsonian Flora of Ceylon Project (under the direction of Dr. F. R. Fosberg) 
-------ihs"'s"'"'t~'ttr active on the revis±orr aud updating of the well known classical tropi 
cal work of Trimen, lIThe Flora of Ceylon." Vegetation maps and other environ-
mental maps were prepared for two National Parks in Ceylon. A number of papers 
relating to Ceylon's wildlife and vegetation in the lowland and montane environ-
ments were published and others are still forthcom~ng. These are most suitable 
preparatory studies from which specific hypotheses can be developed for fOUOH-
on studies by the ISLAND ECOSYSTENS IRP. Close ties were established with the 
Ceylonese IBP, and the stage is now set for further integrated projects involv-
ing multidisciplinary research. 
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Indonesia 
In Indonesia at least three suitable study sites vlere located: 
(1) an island transect: Nount Gpdeh-Pa:1garanga-Tjibodas, (2) Udjung Kulon 
and (3) Amboina. A site preparation study l'JaS made for Udjung Kulon by 
Dr. Lee Talbot. The results of Talbot's study were presented in four reports, 
proposals and recommendations. 
Udjung Kulon is still only a partially explored area of approximately 
225 square miles; it consists of lm'Jland forests vlith clearings in several 
places made. to provide grazing grounds for the wild animals; the highes t peak 
is approximately 300 meters; the area is very rich in large animals, 
including the rare Javan rhinoceros, and many unique plant species. Located 
at about 6 deg., South Latitude, and 105 deg., 20 min., East Longitude, it is 
a coral-rich area. The famous volcanic series of islands, popularly known 
as Krakatau, is but a few miles to the north and possibly could be included, 
at least as an unprotected site. Udjung Kulon itself is provided with a very 
favorable management program and positive protection. It is approximately 
one easy day's travel from the major scientific center at Bogor and about the 
same accessibility can be had frem the port of entry, Djakarta. The National 
Biological Institute of Indonesia and the Forest Institute would provide all 
the cooperation possible tmvard the end that this site be cooperatively used as 
an IBP study area. 
This area has been the object of a great deal of scientific study and is 
a major objective of the people concerned with conservation. Currently there 
is a book being written about this area by Dr. A. Hoogerwerf. and a year-long 
study of the Javan rhinoceros has been undertaken by Dr. Jacques Verschuren, 
under the sponsorship of IDC~. Dr. Harold Coolidge, President of IUCN, has 
arranged for construction of a boat for this Park. 
However, although t-le are strongly concerned with the study of still 
relatively undisturbed island ecosystems, He are equally concerned ~vith the 
interaction of man in island environments and his resource requirements. 
A recent Pacific Science Association Symposium in Indonesia t-las organized 
by Drs. N. S. Doty and V. J. Kraj ina in collaboration with Indonesian 
scientists from LIPI (Indonesian Institute of Sciences) and BIOTROP (Regional 
Center for Tropical Biology). The symposium Has named "Planned Utilization 
of Lowland Tropical Fores ts." Several members of the ISLA.'I\1D ECOSYSTEl'1S IRP 
contributed papers or participated. A report on this International Symposium 
has just been published by UNESCO (December 1971 issue of "Nature and 
--'R"e-souic-es" pp. 18-21, D. Ntierrer~DombOis). .~----.-----~ 
New Guinea 
A third island area in vlhich our program has a particularly great interel3t 
is New Guinea. The Bishop Huseum already maintains a research station there, 
knmm as the HAU ECOLOGY INSTITUTE. 1m outline of the bioecological 
characteris tics of NeH Guinea is given in the followinr, account by Drs. P. vap 
Royen and J. L. Gressitt. The opportunities for comparative validation studies 
are excellent for both, the ISLAND ECOSYSTEHS IRP and the TROPICAL BIONE of 
the US/IBP. 
N'ElW GUINEA AS lAX.neAL Am:A FOR l!OJiQ:')AHATlVE ECOSYSTEM STUDIES 
(F. van Royen and J. L. Gressitt) 
New Guinea is the second largest island, with an area of over 0.8 million 
sq kIn. Si tua ted between 00 and 100 S.la t, . and with high mountains, its ecologi-
cal diversity is analogous to, and exceeds, that of Hawaii. 
The position of New Guinea in the SW Pacific makes it a key island for study 
of biota of the Pacific area, as well as 8. most logical area for comparison with 
Hawaii. As is generally accepted now, the large masses of Asian-rLalaysian plant 
groups now found in New Guinea have arrived there by way of the large islands to 
the NW and W of New Guinea, such as the Philippines, Celebes and Borneo, while 
from New Guinea onwards many elements radiated out into the Pacific, ultimately 
reaching the Hawaiian Islands. 
The backbone of New Guinea is formed b;y a WNW-ESE mountain system up to 200 km 
wide, with several peaks above 5000 m. Surrounding these ranges are flat, or 
slightly undulatin~areas with scattered lower mountain ranges. Along the coasts 
in many areas extensive mangrove swamps are developed. In accordance with its 
position in the equatorial belt the climat.e is tropical with generally high rainfall, 
increasing with altitude but decreasing again in the higher subalpine and alpine 
regions. Temperature ranges from 330 in the lowlands to 40 - 60 C between 3500 
and 4000 m, while on some of the highest peaks there are glaciers. llainfall ranges 
from below 1000 mID in the dry Port I;;oresby area to 6400 mID in Uinati at 2500 m 
in the central ranges. 
The vegetation is that of moist tropical rainforest in the lowlands wi tt the 
exception of the dry savannas in the southern regions. In the lowlands (0 ..:.1200 m) 
it is rather heterogeneous in composition but in the midmontane forests (1200 -
2200 m) Fagaceae begin to dominate with conifer forests in the higher parts of 
this belt. In the montane forests (2200 - 3000 m) Ericaceae, No tho fagus and coni-
fers dominate, while in the subalpine shrubberies (3300 - 4000 m) is a strong 
dominance of Ericaceae, 1.wrtaceae and conifers. In the alpine belt O~OOO - .5000 IT,) 
the grasslands are the main feature, though the number of species composing these 
grasslands is rather low. 
In view of New Guinea f s position between the landma.sses of Asia - 1.,alaysia in 
the west, Australia in the south and the 1'acific Islands to the north and east, 
the composition of its flora reflects those of the surrounding areas. '.rhus we find 
in most of the lower regions a tal1 rainforest composed mainly of Malaysian ele-
ments, while in the drier southern regions many Australian elements are found such 
as Eucalyptus and Tristania species. In the midmontane a.nd montane belts there is 
still a strong dominance of Malaysian elements though in these belts the large 
endemic element in the New Guinea flora appea.rs. In the subalpine and a.lpine regions 
elements from South America, New Zealand, Australia and the northern ter:cperate 
areas form a large part of the vegetation together with a larr'~ ende:;,ic clement. 
It 1.S 1.n these reg1.ons that one f1.nasrepresentahves of' hola, Euphrasia, Ranunculu.s 
and Parahebe, related to both elements of the northern and southern temperate a.nd 
colder regions. 
The main outline of the composition of the vegetation is relatively well known. 
The first description was by van Steenis, but that was incomplete, and in :;utch. 
The first overall description was by van Hayen but that paper is in need of revision. 
Although from a descriptive standpoint the vegetation is relatively well known, 
this is by no means true from the ecological standpoint. The few papEJrs that deal 
with an eeologies.l view are still mainly descriptive and synecoloc::ica1, rather than 
analytical and autecological. In the first category belong all the pr:pors of Brass 
on the various vegeta.tions visited by him, and in the second aTl occasional paper 
like 'rla.lker's study of the Mt Wilhe1111 gra.sslands. The most important ono is that 
by Wade and McVean on Mt Wilhelm, but this deals only with alpine gTasslrlncls in a. 
limited scope. 
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For ecosystere studies in New Guirca a c:loice mu::.t be !Lade because of the 
er.orr:;ous size of the island, poor COr mur.icr~tions for r;,ar:y areas, and l:ir:~i tations 
on t8~k.=:,round inforInl'ltion. For practical-:-easons, and. for cor;.parison 7lith ~~ai'laii, 
tbe s ~'Jrt should be rEade in the midn,ontane for8stz. Th~)se are areas wi th cooler 
clir:ll i:e Find provir'Je better facili tic::;. Thp.y are also areas with higher population 
levels 1~~ thus greAter disruption of the cnviror~ent. ~hi~ will alEo ~rovi1e 
ir.teres tin'S" bases fOT co:nr>arisons with :1a>'7nii. The abundance of people is partly 
l'ebted to less or no ma.laria and partly to great abundance of oaks, in turn 
providing greater abundance of pigs. Fro':'. the applied s t8ndpoin:tr these 'lrcas 8re 
.-:-IF,o- important for t~B l'otenti-al I'ro~-uGtion ~f- lumber- frOr:L c7.:-uercus and lTothofagu.s, 
as well as from conifers. Ecological studies a.re needed to develop an approrriate-
forestry policy. 1';08t work done so far haP: been on Araucaria cunningham~'ii and 
!.:.. klinkii (hunsteinii) in the \'Tau-Bu.lolo B,rea. ::; 
Apart fro:!'. the r3tudy of the midmor:tane end montan"1 forests a study of the exten-
sive grasslands in these belts plus t:'ose in the subf'lpine and alpine bF!1ts should 
be considered. Some attempts have br:;en mane to intro"luce ca~tle, and as f~.r r]S 
dlt~ep a:!'e concerned this turned out t') be f' fa.ilure. Better results were attair:ed 
in t"h3 10w18.n18 with dairy and meat cattle, expecially after introducing ar:-rropria tf; 
varictie~. In the highlands there has beer: little SL:.CC8SS. Better kno1l1e:'l.(~e has 
tG 1:-e obtained of the composition anC! ecology of the &,'Tass18.nds under the prevailing 
oChoa. tic si tl,;,8. tion. 
Placing eE1lhasis on the ecological stUdies of the beech. and oak-forests on thE: 
one h3r:d, and the :§,-rasslands in the '31pine, subalpine, midmoYltane and montane belts 
one he s to take into ccnsideration the best 10 cali ty in which to start. In view 
-of -th8_existerlC§l oJ _all ?-l_pin~ ~ie~d _ s:ta_ti_oIl on l':t 'i'[ilhelm in the alpine g:re.sslands, 
and the Wau ~cology Institute in the lower reach-es cf- th~ midJUontane 1'~rest, -it is- -
cle~r th2t this latter station has to be regarded as the base of operation. Around 
gau extensive {s'Tasslands occur, but Rlso oak and beech forests. Wi thin two days 
y:all:: there are alpine grasslands. Also, the Wau station is wi thin a 300 kIll radius 
of extensive grasslands on la Wilhem, the Finisterre Hange, 1:t Gtto, the SaraV1aket 
Ranee, the Gwen Stanley Mts, etc, end can be used as a base for studies in these 
mountains, which can be reached directly in small aircraft from Wau. Thus a base 
ana scope is provided for large teams of biologists for work over a long period. 
'Th8 nlpine station on Mt Wilhelm is small and usually a long r.9i ting list for 
tl:1e facilities exists. Though for thG study of the 3ubalpin~ and alpine grasslands 
it if' inen.lly situated, this shortage of facilities is a drawback. However, the 
station Ir:i,r~ht be extended to provide :7Iore scientists an opportunity for stCidi(;s. 
In SOr.J8 of the areAS below the staticn there are grasslanrls, and arcund the Keglsugl 
airstrip - entry point by air for Mt ',{ilhelm - there are extensive beech and 
cor.ifer forests. These are at the ur;per limit of the montane zone, whereas the 
3731)_ f'tt8_ttOp i~ at_ the_ lO?l~r_ ~imit. The branch field station 'If the Y/r.u :::'cology 
Institute on the summit of Alt Kainar- is-in -tne-middle-of ~he-z()ne.- -'['ais ~~n-"r;e- -
reached by vehicle from Wau in one hour. 
The Ye'G Guinea fauna in ge~er81is not so well kno':'ln or so V?ell cld .. ssifh:d 
ecolofsica11y as is the vegetation. It is known that thev-eatest concentr9.tion 
of tri8 endemic groups and the greatest general di versi ty of birrls ana lUar;:ma.ls is 
in the :nontane zone, particularly upper mid-:nontane in t1e lower moss forests. 
'I'his is certainly to a great extent true for insects and arrJphi-bians 8,S ..:e11. 'ihe 
reTJtilee are Dore in evidence at lower al ti tudes. In S''2neral, the lowlar:d S}-(:CiEoS 
are Vlidsspread. along the coastal strips, a1 though Lany are confined to certaL~1 
co~tracLing types of environments, s~ch as tall rainforest, savanna, sago pals 
3W8.ri,PS, r;:angrove, nipa palru swamps, etc. 'Numerous localized species, end particu-
larly c"..;:r:ogrs of the ender.lic ;Tenera, occur in differsn t ranges in the l!Ji,1-::.0n t2rle 
..,.0;:8 nr i.n hicher zones. Sometimes an unexpectedly large nu::h8r of specie" r:.,ay 
1:;e fOc~'1;J i:~ ,1. sine-Ie e,TOUp of a.nimals within 0. rr:odest r8,nge o:91titude on one 
r:.OI. .. r.tl'Jin. ':i.'he faunal o.iversity ic of course closely correbted wit;,. tt . .e 1iversity 
of florC!, "1nri the different ve9,'etstion types have cti.'3.racteristic fauna. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
- I 
I 
I 
I 
I 
I 
I 
13 
The 7oogeographical rela tionshipb of the fauna are by no means unifon::. CJ.·he 
maII!Ill8ls include only the same four orders '3.S in Australia, and the monotremes a.nd 
marsupials are limited to Australia plus tlle Fapuan Subregion. 'IH th the bir:3s, 
there are strong Australian relationships, but also many cloce ties wi th SE Asia. 
This also applies to the reptiles. For the insects, however, relationships are 
much closer to SE Asia. Thus, mammalogists include the Papuan Subregion wjthin 
the Australian Region, whereas many (mtomologists would place i.t in the Oriental 
Region. As wHh plants, the Polynesian forms usually relate to Papuan groups. 
Summarizing, although New Guinea is much richer and more harmonic than Hawaii, 
many genera. of plants and animals are possessed in common. One could propose 
various groupings of s~dies for comparisons with the Havlaiian ecosys terns, such as 
comparing oak and beech forests with Metrosideros and Acacia koa fores ts (bo th in 
each case hayjng many Araliaceae, Myrsinaceae, Liliaceae, Urticaceae, Hosaceae, 
Leguminosae end RutaceaeJ and other clements in common). Further, comparisons of 
the analagous moss forests on the montane ridges and crests, as well as the 
various types of grasslands,would prove of great value. To carry out these 
studies it is suggested that the Wau Ecology Institute be used as the main head-
quarters and the Mt Wilhelm Research Station as a secondary base. 
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Research integration as a continuing mechanislll for island 
ecosystems research 
Study of the evolution of species does not necessarily require a 
multidisciplinary approach. Study of the evolution of ecosystems, however~ 
cannot be accomplished without it. Horeoever, to obtain results of . 
multidisciplinary research ,vithin a reasonable time, such research has to be 
integrated. Because our ultimate aim in to acquire knowledge of the 
evolution of island ecosystems and ~o communicate our findings not only to 
the scientific community but also to be effective in the manage~ent of the 
biological resources of islands, integration of our researches is essential. 
Scientists, perhaps more than the average person, are individualistic 
by nature. This personality trait is often combined with originality and 
, strong convictions in scientific matters. It certainly does not have to b~ 
combined with unwillingness to cooperate. The latter attitude cannot be 
tolerated in an integrated program. 
Originality, as in individual research programs, is the most 
important personal asset in an integrated research p~ogram. An integrated 
program, therefore, has to be structured in such a way that it provides 
a sufficient scientific challenge for the individual researcher. TIlis can 
be accomplished in two ways: (1) By arranging the scientific objectives 
in such a way that they provide a satisfactory challenge for each 
investigator on the program, (2) By selecting the right people to fill the 
important niches in the overall program. 
In reality, an integrated research program is a compromise of the above 
two ways of structuring. lIm-lever, the effectiveness of a program. may be 
increased when moving closer to the second point. Elimination of an 
investigator from an integrated program does not necessarily mean that 
he is not a good researcher. It will mean more likely that his interests 
are not fulfilled in the niche that he originally opted for. 
Adjustments in sub-objectives and research personnel are to be expect;ed 
in any integrated research program as it develops to greater maturity~ 1-le 
do not consider ourselves as a permanent "in-group", but instead as a 
flexible coalition of researchers interested in the same ultimate aims. 
An integrated approach to field biology and environmental problems, 
we strongly believe, is here to stay. A second important reason for 
increased effectiveness of the IRP approach is the continual and 
simultaneous information exhange through organized discussion, conversatiqn, 
reporting and data exchange. A third reason is the sharing of facilities, 
which makes research considerably more economical. HOtvever, 'toTe also 
believe that"Big Biology" as initiated by IBP should not be the only form 
of research. Individual research programs should similarly be supported, 
where appropriate. Integrated researcll may fulfill many, but not all, 
research opportunities. 
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HORKSHOP 11EETINGS 
Four lvorkshop meetings Here held in 1971. The meetings served 
for announcing important news items, clarifying of logistic arrange-
ments, reporting of progress and solving budget questions. Their 
main purpose was exchange of information and ideas and scientific co-
ordinat ion. 
March 2, 1971 Heeting 
A new name for our Program 'vas announced: ISLAND ECOSYSTEHS 
STABILITY AND EVOLUTION Subprogram, or abbreviated, ISLAND ECOSYSTE~5 
IRP. The acronym IP~ stands for Integrated Research Program. Origi-
nally, following the first program development meeting in Harch 1967, 
the HavJail program Has called HAt.JAII TERESTRIAL BIOLOGY PROJECT. The 
emphasis was on "terrestrial", because for several reasons it was con-
cluded that the l1cut- o ff point" should be the shoreline. The principle 
reason was that it is the terrestrial biota (in contrast to marine) 
that is most severely threatened in Hawaii. The new name indicates a 
shift in emphasis in line ,.;ith our acknowledged status as an IRP. 
A brief progress report was written for inclusion in a report of 
the ORIGIN AND STRUCTURE OF ECOSYSTEHS main program, of which our pro-
gram is considered a subprogram. The report summarizes our objectives 
and strategy up to February 1971. The report is appended under SUPPLE-
MENTARY INFORl'1ATION (item 1). 
The discussion at the May 2 Horkshop meeting centered around an 
improved organizational ecosystem model for our transect studies. In 
particular, plans were made for integrated sampling along the l'1auna 
Loa Transect. Four map sheets with releve locations were distributed. 
The input and clUtcome of the meeting ,vas summarized in a CIRCULAR 
LETTER, dated Harch 2, 1971. The circular letter is appended as item 
112 under SUPPLEHENTARY INFORNATION (The originally attached map sheets 
were omitted here to save in duplicating costs). 
May 6, 1971 Heeting 
A call for further thought-input 'vas made at the preceding meet-
ing and in the Harch 2 circular letter. Responses in form of brief 
information sheets vlere distributed to each participant at this meet-
ing. The information sheets related to established sampling locations 
along the Hauna Loa Transects,t6bxief accounts of sampling results and 
to interaction models as emerging from the study of certain groups of 
organisms. Since most of this information is incorporated into the 
individual annual. progress reports enclosed in this volume, the in-
formation sheets are not attached. An evolutionary interpretation to 
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a correlated sampling effort wns presented, Hhich \-Jas subsequently sum-
marized in a CIRCULAR LETTER, dated Hay 23, 1971. The circular letter 
is appended as item #3 under SUPPLEUENTARY INFORMATION. 
Dr. W. tv. Hilstead, Scientific Coordinator of the Environmental 
Programs of the US/IBP, visited us at the Hay 6 meeting. He presented 
a brief slide-show emphasizing activity high lights of other US/IBP 
programs. 
October 8, 1971 Meeting 
This meeting, lrlhich followed the inter-smester field season, was 
a full-day annual reviet-J symposium. Nineteen papers were presented by , 
a maj ori ty of our IBP part icip ants. Amp 1e time l-Jas allowed for dis-
cussion and exchange of ideas. The outline of the October 8 workshop 
symposium is enclosed as information item 114 under SUJ,>PLEI-.lENTARY IN-
FORNATION. Each speaker produced a one- or two-page information sheet 
summarizing his main points. This lo7aS xeroxed and distributed to each 
symposium participant. The main information in these papers was in-
corporated into the reports shown under PROGRESS OF INDIVIDUAL SUB-. 
PROJECTS. An additional paper (not listed on the symposium agenda) 
Has presented by Dr. Gordon D. ~-1allace. His abstract is enclosed as 
item 115 under SUPPLENENTARY IN FORHATION . 
December 9, 1971 Heeting 
This meeting was called for a discussion of developments in the 
overall US/IBP that expired from the Annual Heeting of the US/IBP 
National Commit tee at Oak Ridge. A report on that meeting "Colas distri-
buted to all Hawaii IBP participants prior to our December 9 Horkshop 
meeting. It is enclosed as item #6 under SUPPLEHEi'lTARY INFORN.ATION. 
Two other major objectives of the December 9 meeting w'ere discussion 
of our third -year budget plans and our more immediate and ultimate 
program aims. The latter are presented in detail in the first chap-
ter of this report under AlES OF ISL.AI."1D ECOSYSTEHS PROGRAH. 
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INTEGRATION OF RESEARCH TASKS 
In the course of last year's activity several more closely inter-
acting groups of researchers in our program were beginning to cluster 
around certain areas of major emphasis. These are related to the re-
cently established Inter-Biome Committees. But we have evolved into 
certain additional areas of emphasis, and we are as yet rather 't~eak in 
some of the areas represented by the Inter-Biome Specialist Committees. 
Specialist Committees 
During the summer of 1971, the US/IBP Environmental Component 
under the coordination of Dr. }1ilstead made a move to establish so-
called "specialist conunittees", Hhose' aim is integration of certain 
subject areas across the various US ecosystems IRPs. Eight areas 
were established for this purpose. These are: 
1. Storage and retrieval 
2. Modelling 
3. Phenology 
4. Nutrient cycling 
5. Decomposition 
6. Heteoro1ogy 
7. Consumer processes and 
8. Primary productivity. 
We were asked to ,name a representative and an alternate from our 
program for each of these areas. A memorandum of September 7, 1971 
(attached as item 117 under SUPPLENENTARY INFORI1ATION) shows our repre-
sentatives on severt". of the eight specialist committees. 
Since then, five of these committees had meetings. What expired 
from each of these meetings Has reported by our representatives, and 
their reports are under SUPPLEHENTARY INFORMATION as: 
Item If 8 Dr. C. H. Lamoureux: Phenology. 
Item /I 9 Hrs. Ruth Gay: Hodelling. 
Item /I 10 Dr. D. J. C. Friend: Primary Productivity. 
Item II 11 Dr. P. C. Ekern: Neteo ro logy . 
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The first specialists meeting of the Storage and Retrieval Com-
mittee took place in June before our program was represented. 
A list of membership on the Environmental Programs' Specialist 
Committees was distributed by Dr. l1ilstead. This is enclosed as item 
/I 12. 
Areas of emphasis in the Island Ecosystems IRP 
The areas summarized below have developed from the research topics 
and interests of the principal investigators on our program. Their 
clustering has become evident through discussion, reporting, and inter-
action in field work. 
, 
1. Community approach 
1. *Seasonal phenomena relat-e-cf-:~l--- Lamoureux, Nishida & Haramoto, 
to phenology; population ' Beardsley, Conant, Baker, Doty, 
2. 
3. 
4. 
fluctuations of short-lived Gagn~ 
organisms (insects, leaf-
. fungi, soil algae) i 
.-- --- .. - .--.--------.------~--.--~! 
)~Consumer processes (here' 
firstly included insects 
only; in soil, water, bark, 
stem, branches, leaves) 
-- :--Delfinado, Radovsky, .Gagne, 
Nishida, Howarth, Samuelson 
XNeteorology and micro-environ-: 
ment al studies, radiation and , 
water budgets, (soil environ-: 
ment) 
Ekern, Friend, Hueller-Dombois, 
Tieszen (next year) 
, Ecosystem structure, large 
herbivore impact, stability 
j --Hueller-Dombois, Friend, Tomich, 
Berger , 
, as related to perennial (long-I 
I 
lived) organisms, rodents, ' 
, birds __ i 
*Areas indicated by an asterisk are those presently represented 
by inter-biorne specialist committees. Perhaps, we have the remaining 
five areas in common with the other two ORIGIN AND STRUCTURE OF ECO-
SYSTEHS SUBPROGRAMS, the Desert and Hedi terraenean Scrub programs. It 
can be seen that many of us ~vork across several areas. Therefore, close 
integration exists also between the 10 fields of emphasis. 
5. 
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!--,reproduction cycle or eco':':~---":---Nishida, Corn, Lamoureux, 
system structure-forming Hueller-Dornbois, Tomich, 
plants, interferences, pol- Gagne, Hirashima (insect 
lination, seed feeders pollinators; 3rd year), 
Mitchell (seed feeding in-
sects; 3rd year) 
6. *Decomposition, primaiy-pro":-- -; --- Baker, Friend, Tieszen (3rd 
\ duction I year), Hueller-Dombois. We 
II. Population approach 
7. j Speciation, genecology in 
I field environments 1.. _____________ _ 
I are as yet very weak in this 
area, because we did emphasize 
in our Feb. '70 proposal that 
turn-over studies \V'ill be 
postponed 
Hardy, Carson, Paik, Corn, 
Gressitt, Berger, Lamoureux, 
Steffan, Howarth 
8. Laboratory verification stud- I --- - Ashton, Carson, Paik, Steiner 
ies on speciation by electro- Ii 
phoresis and chromosome analy-
sis 
--------------------
9. Physiological ecology expe-ri--r---.-
ments to assess degrees of I 
evolutionary adaptation I 
III. Synthesis 
10. i-~'q'lodellin"g group, to inter-cict---L_----
I
i with all coordinated subjects;1 
Data storage and retrieval I 
MacMillan, Friend, Hueller-Dombois 
Corn, Tieszen (3rd year) 
Hi, Gay, Liang, Yamashiro, 
Mueller-Dombois 
The first named person for each field of emphasis is the current 
scientific coordinator of that group. The above tabulation of themes 
and personnel is not considered to be an inflexible, permanently fixed 
grouping. 
As we move along, we may expect certain adjustments. For example, 
it may tV'ell be that the coordinator's or committee chairman I s position 
will transfer to another person in that group, or that someone else may 
enter a new group. 
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Organizational structure of Island Ecosystems IRP 
Because of the increased attention to detail required in each 
area of emphasis, it will not be practical anymore for one pers·on to 
do the scientific coordination for all individuals on our program. 
Instead we nm., have 10 Scientific Coordinators or IItheme chairme.l" 
plus a Site Coordinator. Because of increased administrational com-
mitme~t, we are asking for a position of an Assistant Director for 
the third year. These decisions were made at a co-director I s meet-
ing on December 22, 1971. 
The na., organizational structure is outlined belbw: 
ISLAND ECOSYSTEHS IRP 
(organizational structure) 
.------._------ -'11~dViSOry Panel: ! 
Ashton, Hardy, i 
ILamoureux, Fosberg! 
I· Di rector: II \ Hue ller-Domb ois I Co-directors: I . Berger 1 Gressitt 
I \ 
r Admin!s t rat i veils ;1s ta~tl 
I and secretary: I-I Mrs. L. Fuller i 
I- ••.• _-_. __ .,--_.! 
Subject Areas. 
1-10 
~. Assistant Directoi: Modeller: Hrs. R. Gay 1-------------·-
Scientific Coordinating 
Committee Chairmen: 
Lamoureux, Delfinado, 
Radovsky, Ekern, Hueller-
Dombois, Nishida, Baker 
Friend, Hardy, Ashton, 
Had-lilIan, Hi 
---~------------
Iudi l1~dual ---r 
Investigators I 
-----------------------
21 
New projects and personnel 
No major additions to the exi.sting group of subprojects were 
anticipated for the third year. However, we are asking for inclusion 
of subproject C-ll "Insect interference in the reproduction cycle of 
community-structure forming plants, particularly seed feeders I,' This 
subproject will be carried out by Dr. W. C. Nitche11. Subproject C-ll 
was included already in our funded February 1971 proposal. It was not 
yet activated because of lack of funds. The orientation of this sub-
project has been broadened for better integration with the overall 
project aims. The revised C-11 proposal is included as item #13 under 
SUPPLEHENTARY INFORMATION. 
Another first-year included, but not yet funded subproject was 
B-9 "Bryophytes, their distributional dynamics in Hawaiian ecosystems" 
(Vaarama). We are asking that this subproject be included for the 
3rd year as it fills an important gap. 
As explained under AIHS OF ISLAND ECOSYSTEHS IRP we intend to de-
vote a greater share of our efforts to regional problems. For this 
reason we are asldng for a new postdoctoral position under subproject 
D-2 (P. Q. Tomich) to activate a behavioral study of the feral goat. 
For the same reason He like to strengthen our basic research on 
Acacia koa, the most valuable Hawaiian forest tree species. A study 
of photosynthesis and respiration patterns of this species by Dr. Larry 
M. Tieszen will also greatly strengthen inter-program coordination in 
primary productivity, since Tieszen has \V'Orked on this aspect in the 
Tundra Biome. Dr. Tieszen's study is intended as part of subproject 
B-4, "Studies on the autecology of important trees." His proposal is 
attached as item II 14 under SUPPLEHENTARY INFORHATION. 
Expansion is anticipated in our modelling efforts. For this 
reason we have included two additional personnel, Dr. T. Liang, Assoc. 
Professor in Agricultural Engineering and Hrs. Ruth Gay, Instructor 
in Botany, both from the University of Ha,vaii. Hrs. Gay is also 
suggested for functioning as Assistant Director. 
The curriculum vitae of Dr. Liang is enclosed as item # 15 nnd that 
of Mrs. Gay as· item 1fo 16 under SUPPLEMENTARY INFORMATION. 
",. 
\' 
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SITE COORDINATION 
The six rEP transects on Hawaii 
Fig. 1 ShOHS the six transects on the Island of Hawaii, along ~vhich near~y 
all of our field Hork is concentrated at the present time. Their location 
names are as follows: 
Transect-Profile 1 
Transect-Profile 2 
Transect-Profile 3 
Transect-Profile 4 
Transect-Profile 5 
Transect-Profile 6 
Mauna Loa - Thurston Lava Tube 
Kilauea Forest - Hilini Pali 
Olaa Forest - Apua Point 
Naulu Forest - Kealakomo 
Kalapana lowland 
Mauna Kea 
Transects 1-5 are mostly inside Hawaii Volcanoes National Park. The 
vegetation of the Park was mapped on 1:12~OOO air photographs. The ecosystems 
along the transects were defined on the basis of vegetation structure, but 
also by climate and substrate. This is indicated on the following six profile 
diagrams (Figs. 2-7), which also ShOH the topographic position and extent of 
each ecosystem and the length of each transect in miles. The transects are 
interpreted as broad belts. This means that each ecosystem, designated by a 
segment number on each transect-profile diagram, has a width of at least half 
a mile. But in most cases the type of ecosystem extends for several miles 
across each transect. Their exact outlines are defined on the air photo 
vegetation map~'(. Recent lava flow vegetation was omitted because of their 
limited geographic extent along these transects. 
Recent changes caused by lava flows 
However, since 1968 Transect 3 (Fig. 4) has become partly inaccessible 
because of massive new lava £10,.,5 that extruded from the Aloi and Alae Crater 
areas southward into the sea. On the map (Fig. 1), the source of the lava 
outpour is in the circle of number 3. On Transect-Profile 3 (Fig. 4), 
this refers to the destruction of the westward parts of the ecosystems from 
segment 1 through 7. Similarly, "the northern portion of transect 4 (Fig. 5) 
has become inaccessible. Naulu Forest (segment 4) became inaccessible in 
1971. It is not destroyed, but the access road became blocked by lava. 
Therefore, IBP sampling in 1971 was restricted more or less to ecosystems 
along Transects 1, 2 and 5. 
Ecosystems along the transects 
The ecosystems along transects 1-5 were described briefly in the Atlas 
for Bioecology Studies in Hawaii Volcanoes National Park (Doty and 
Mueller-Dombois 1966). The ecosystems along transect 6 were described by 
}o~uel1er-Dombois and Krajina (1968). Here, only brief reference will be made 
by giving a name for each segment along the transects. The ecosystem names 
stated below are strictly pragmatic and not systematic. 
* One set of 53 (27 x 27 inch) air photo sheets with plastic vegetation 
and topographic overlays are kept in the USDI library at Hawaii Volcanoes 
National Park Headquarters. 
Fig. 1. Orientation map of Hawaii showing location of IBP transects 1-6. 
The Kilauea rain forest study site is at the north end of transect 2. 
Dashed lines show outline of Hawaii Volcanoes National Park. IBP 
field quarters are near the east end of transect 1. The diagrams 
show mean monthly rainfall (mm) and temperature (OC) curves plus 
mean annual rainfall of 21 weather stations. 
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Transect-Profile (TP) 1 (Fig. 2) Mauna Loa east-flank 
TP 1 Segment 1 
TP 1 Segment 2 
TP 1 Segment 3 
TP 1 Segment 4 
TP 1 Segment 5 
TP 1 Segment 6 
TP 1 Segment 7 
TP 1 Segment 8 
TP 1 Segment 9 
TP 1 Segment 10 
TP 1 Segment 11 
TP 1 Segment 12 
Alpine stone desert 
Rhacomitrium moss desert 
Vaccinium-Styphelia 1m·,-scrub desert 
Alpine aggregate-scrub 
Metrosideros tree line ecosystem 
Open subalpine Hetrosideros-Soph0!2. scrub-forest 
Mountain parkland ecosystem (formed by Acacia koa (koa) 
tree colonies, Styphelia-Dodonaea tall-scrub c~unities, 
both in a matrix of subalpine grassland) 
Koa savanna ecosystem 
Closed kipuka forest (segment 9 interdigitates locally 
with 8) 
Open Metros ideros - lichen forest 'oJi th loV} shrubs on 
shallow ash over pahoehoe 
Open Metrosideros - matted fern (Dicranopteris = Gleichenia) 
forest on shallow ash over pahoehoe 
Closed Metrosideros - tree fern (Cibotium spp.) montane 
rain forest 
Transect-Profile 2 (Fig. 3) Kilauea Forest-Hilina PaU 
At the north end, this transect-profile begins in our intensive research 
site, in the Kilauea montane rain forest (segment 11). 
TP 2 
TP 2 
TP 2 
TP 2 
TP 2 
TP 2 
TP 2 
Segment 1 
Segment 2 
Segment 3 
Segment 4 
Segment 5 
Segment 6 
Segment 7 
Salt-spray communities on lava rock 
Annual (Eragrostis tenella) grassland 
Very open Metrosideros-Diospyros forest on rock-rubble 
and aa lava 
Perennial (Andropogon glomeratus and ~. virginicus) 
grassland 
Very open Metrosideros scrub-forest on pahoehoe 
Extremely sparse desert vegetation (Kau ash-dune desert) 
Open Metrosideros - lichen forest with 10v1 shrubs on 
shallow ash over pahoehoe (same as transect 1, segment 10) 
:,' .. ' :~.: 
'i . 
':;. :-
. '. 
.(:i' 
.:'.1. 
':i" ,-
TF 2 Segment 8 
TF 2 Segment 9 
TP 2 Segment 10 
TP 2 Segment 11 
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Closed kipuka forest (Kipuka Puaulu; same as transect 1, 
segment 9) 
Open Metrosideros - native shrub forest on aa (note, 
similar to segment 7, but substrate is different) 
Pasture ecosystem Hith scattered koa (cattle ranehland 
north of National Park boundary) 
Acacia koa - Metrosideros - tree fern (Cibotium spp.) 
forest (our 200-acre lBP study site in Kilauea Forest 
Reserve, owned by Bishop Estate, is located here. This 
forest is protected by a fence from invasion of cattle 
from the neighboring ranchland). 
Transect-Profile 3 (Fig. 4) Olaa Forest-Apua Point 
TP 3 Segment 1 
TF 3 Segment 2 
TP 3 Segment 3 
TP 3 Segment 4 
TF 3 Segment 5 
TP 3 Segment 6 
TP 3 Segment 7 
TF 3 Segment 8 
TP 3 Segment 9 
TP 3 Segment 10 
TP 3 Segment 11 
Same as TF 2 Segment 1 
Perennial (Heteropogon contortus) grassland 
Same as TF 2 Segment 3 
Same as TP 2 Segment 4 
Open Metrosideros-Andropogon forest with native shrubs on 
shallow ash over pahoehoe (seasonal Metrosideros montane 
forest) 
Open Metrosideros scrub-forest with interdigitated matted 
fern (Dicranopteris) and grass (Andropogon spp.) patches 
(now largely destroyed by recent lava outpour) 
Open Metrosideros-Cibotium-Dicranopteris fern forest 
(now largely destroyed in this area) 
Closed Metrosideros 
- tree fern (Cibotium spp.) forest, 
same as TP 1 Segment 12 
Same as TF 3 Segment 6, but not destroyed. Also similar 
to TP 1 Segment 11. 
Open Metrosideros-Cibotium forest (structurally similar 
to TP 3 Segment 7 except for stocking density of 
Metrosideros), Olaa Forest 
Cibotium forest with scattered old Metrosideros trees 
laden with epiphytes and woody lianas (Freycinetia arborea). 
Olaa Forest 
i.: 
~:. 
'... ',T 
: '-
. . 
-------~ 
rr,· . 
': .. : 
J : 
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Transect-Profile 4 (Fig. 5) Naulu Forest- Kealakomo 
TP 4 Segment 1 
TP 4 Segment 2 
TP 4 Segment 3 
TP 4 Segment 4 
TP 4 Segment 5 
TP 4 Segment 6 
TP 4 Segment 7 
Same as Segment 1 on TP 2 and TP 3 
Same as TP 3 Segment 2 
Perennial (Heteropogon-Tricholaena-Andropogon) grassland 
with shrubs scattered throughout = low-shrub savanna 
Metrosideros-Diospyros forest with patchy stands of 
Aleurites moluccana (kukui) = mixed dry evergreen forest 
~l7ith very sparse undergrmvth. Naulu Forest 
Scrub with grass (Andropogon spp.) and scattered 
Metrosideros trees 
Open Metrosideros forest ",ith matted fern (Dicranopteris 
linearis) and perennial grass (Andropogon virginicus) 
in overlapping patches (similar to TP 3 Segment 6) 
Closed Metrosideros-Cibotium rain forest (same as 
TP 3 Segment 8 and TP 1 Segment 12). Makaopuhi-Napau 
Crater forest. Presently inaccessible, except by 
helicopter. 
Transect-Profile 5 (Fig. 6) Kalapana lowland 
TP 5 Segment 1 
IP 5 Segment 2 
!P 5 Segment 3 
TP 5 Segment 4 
TP 5 Segment 5 
IF 5 Segment 6 
Perennial (Heteropogon contortus) grassland on pahoehoe; 
very sparse grass cover. Same as TP 3 Segment 2 and 
TP 4 Segment 2. 
Scattered Metrosideros trees on nearly barren aa lava = 
rockland savanna. Similar to TP 2 Segment 3 and 
TP 3 Segment 3, except that the latter are on steep slopes 
and are stocked with more Diospyros ferrea trees. 
Same as TP 5 Segment 1, but Heteropogon less sparse. 
Low-shrub savanna. Same as TP 4 Segment 3 • 
~- "~- -::-----c-c,------
Mixed lowland scrub (contains a number of small native 
tree species--Canthium odoratum, Wikstroemia phillyraefolia, 
Diospvros ferrea, Metrosideros collina subsp. polymorpha) . 
Nixed lowland forest (comprised mainly of introduced trees 
Mangifera indica, Samanea saman, Cocos nucifera, Pandanus, 
Thespe~, Aleurites moluccana). Near village of Kalapana 
and outside of Park boundary. 
.',,-r" 
-':.:. 
_ i 
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Transect-Profile 6 (Fig. 7). Mauna ~ea eas~-flJn~ 
TP 6 Segment 1 
TP 6 Segment 2 
TP 6 Segment 3 
TP 6 Segment 4 
TP 6 Segment 5 
TP 6 Segment 6 
TP 6 Segment 7 
TP 6 Segment 8 
TP 6 Segment 9 
TP 6 Segment 10 
TP 6 Segment 11 
Alpin~ stone dese~t ~ith 0ccns~o3al crus~ose lichens 
Pe::ennial (t.:GI.9Et~~ 8~!~?:'?ic~_:'-.~ .• Z.risetu~ z-J-0::;.eratum) 
grass OCCCl.":;" extrem:;l', sl)arse cover 
. - , 
§..~yp~e}~~ lo~·!-:Jcru'; dese,,": 0 Hom.:>logouc to TP 1 Segment 3 
Sophora tree line ecosystem 
Ranch grassland ~vith sco.tt2red eying SOJ)Eorc and 
Ac.sci~ J<oa trees. Annlo2ous to T? 1 Segl'Jent 7 
Open Ac::d~ 1~<?.:::.-}1~tr~~i~er£!! upper montane forest "lith 
herbaceo:ls fern (RELpte!.~.§_ p.Elc.sc~.£) in undererwth. 
Closed Me.!:.,r_C?ci~_c:..~.o:~_-':':ibo!~~E! ra~"i.1 :':oi;'est. Ho;nologous to 
T? 1 S eg'TIent 12 
lie..~.~£.s_id~.9~-'Cib_ot:'Lum-2~£r:~.r}PJ~,t_e!'iE forest with dying 
patches of i·~_;.~~.sio._eE.<2~' (This is the dyin3 ohin forest 
currently investigated b:,- u.s. Fo~est Service.) 
AcacJa :t:£~-~et:r:o~J._d~~,~,g~?ot}.~-~_i.££aE~pt~.ri~ Imler 
montane rain forest 
Sugarcane fields above Rilo 
Distribution of rBP sampling locations 2nd study sites 
Table 1 provides for an ove:c!ie':·) of the 1971 ECOSYSTENS IRP. activities 
along the six t:-ansects. The ca':J 1.e is a St;:;In~ry abst:-acted fr'Jm individual 
progress reports. The tabulatio~ ~as supplemented, where additional 
information ~~as available. Hm·;s'.'Qr, ':::'able 1 is not necessarily complete, nor 
does it pretend to be. It pro~ides a basis for u~dating in the near future. 
The two main study sites 'Ohere nearly all in'!estigators cOIrJened, are 
the Mauna Loa Transect (transect 1) and the Kilauea rain forest (transect 2), 
segment 11). More detl'!iled inf0:'m,:'.tion 0:1 sarr..;'Jling locations is found under 
PRCGRESS OF ItIDIVIDUAL SUBPROnC~S. 
Table 1. Dis tribution of sampling locations by subprojects 
and ecosystems along the lBP transects 
Project Investigators' Research Sampiinc location Tran- Segment 
code topic (elevation in feet) sect No. 
No. (ecos2:stem) 
A-I Hardy, Carson Drosophila 5300 Kilauea forest 2 11 
project 4000 Olaa forest 3 10 
B-1 Mueller-Dombois Gradient 100 releves from 1 2-9 
Spatz analysis 4000-10050 
B-1 Hueller-Domb ois Herbivore 6200 Strip Road 1 7 
Spatz study 6000 Strip Road 1 7 
5400 Strip Road 1 7 
5300 Climatic Station 1 7 
1000 I<uka1auu1a 2 2 
B-2 Hueller-Dombois Tree popu- 5400 Kilauea 2 11 
Cooray, Craine 1ation -5200 forest along 4 TR's 
structure, 
plant synusiae 
B-3 Lamoureux General tree 6700 End Strip Road 1 7 
Porter phenology 6000 Strip Road 1 7 
5400 Kilauea forest 2 11 
5150 Strip Road 1 7 
4000 Kipuka Puaulu 1 9 
4000 Military Camp 1 11 
4000 Thurston Lava Tube 1 12 
3000 Kipuka Nene 
25 Kalapana. 5 5 
l<letrosideros 7000 Summit Trail 1 6 
phenology 5150 Strip Road 1 7 
4120 Kipuka Ki 1 9 
4025 Highway 11 
3990 S trip Road 1 10 
3920 Thurston Lava Tube 1 12 
3370 Hilina Pa1i Road 3 5 
2380 Hilina Pali 2 4 
50 I<alapana 5 2 
B-4 Spatz Koa growth 5400 Kilauea forest 2 11 
Mueller-Dombois rates 4200 Kipuka Puaulu 1 9 
Koa repro- 6650 End of Strip Road 1 7 
duction 5400 Kilauea forest 2 11 
study 5300 Climatic Station 1 7 
4200 Kipuka Ki 1 8 
t<lueiieI-Dombois Hetrosideros 8000 Summit Trail 1 5 
Spatz, Cooray (ohia) 4000 Quarter 201 1 12 
frost 
resistance 
B-,5 Friend Tree fern 5400 Kilauea forest 2 11 
Becker ecology 
B-6 Corn Netrosideros 6600 End of Strip Road 1 7 
gene co logy 3900 Thurston Lava Tube 1 12 
Saddle Road 
Haui 
Kauai 
Oahu 
Table 1. Distribution' of sampling locations by subprojects 
and ecosystems along the lBP transects (continued) 
Project Investigators Research Sampling location Tran- Segment' 
code topic (elevation in feet) sect No. 
No. ~ e cosls tern) 
B-7 Doty Algal 10000-4000 1 3-9 
HcGurk ecology Hilina Pali Road 2 ? (2 sites) 
Thurston Lava Tube 1 12 
Kalapana Coast 5 'I 
B-a Baker Fungal. 8250 Summit Trail 1 5 
Dunn communities 7250 Summi t Trail 1 6 
on tree 6250 Strip RQad 1 7 
leaves 5400 Kilauea forest 2 11 
5250 Strip Road 1 7 
4250 Strip Road 1 a 
, 3250 Hilina P ali Road '3 5 
2250 Hilina Pali 2 4 
C-1 Hardy Diptera 6500 Wailuku Stream 6 6 
Delfinado study 4790 Wailuku Stream 6 8 
4140 Hailuku Stream 6 9 
2720 Hailuku Stream 6 9 
2040 lvailuku Stream, 6 10 
1270 Hailuku Stream 6 11 
900 Wailuku Stream 6 11 
500 llai1uku Stream 6 11 
50 Hailuku Stream 6 11 
Kohala Hountains 
C-2 Steffan Sciaridae 5400 Kilauea forest 2 11 
ecology 5300 Climatic Station 1 7 
C-3 Gressitt Cerambycid 5400 Kilauea forest 2 11 
Davis bark beetles 5300 Climatic Station 1 7 
4200 Kipuka Ki 1 9 
1-1est Maui 
c-4 Gagne Phytophagous 7000 Summit Trail 1 6 
insects, sap 6600 End of Strip Road 1 7 
and seed 5400 Kilauea forest 2 11 
feeders 4000 Strip Road 1 8 
3900 Thurston Lava Tube 1 12 
3900 Hilina Pa1i Road 3 5 
2500 Hilina Pali 2 4 
25 Kalapana 5 ? 
C-5 Beardsley Koa psyllid 6600 End of Strip Road 1 7 
Leeper ecology 5300 Climatic Station 1 7 
4300 Kipuka Ki 1 8 
3000 Kohala l-1ountains 
J. 
Table 1. Distribution of sampling locations by subprojects 
and ecosystems along the IBP transects (continued) 
Project Investigators Research Sampling location Tran- Segment 
code topic (elevation in feet) sect No. 
No. (e cosys tems) 
. 
" 
C-6 Nishida Insect 8000 (11)* Summit Trail 1 5 
Haramoto communities 7000 (16) Summit Trail 1 6 
Nakahara on 5500 Strip Road 1 7 
Hetrosideros 4000 (18) Strip Road 1 10 
leaves, 3800 (1) Strip Road 3 5 
branches, 3500 Hilina Pali Rd. 3 5 
bark, litter 3400 Hi1ina Pali Rd. 3 5 
500 Kalapana, 
uphill 5 2 
C-9 Radovsky Soil and 8000 (11) 1 5 
Samuelson Litter 7500 (15) 1 5 
arthropods 7000 (16) 1 6 
6800 (17) 1 6 
6200 (24) 1 7 
5400 Kilauea forest 2 11 
5350 (94) 1 7 
5100 (21) 1 7 
4400 (40) 1 8 
4200 (39) 1 9 
4050 (38) 2 9 
4000 (18) 1 10 
3950 (19) 1 8 
C-12 Conant Dis,eases on 6700 End of Strip Rd. 1 6 
Tamashiro endemic 6400 Poh aku10 a 
insects 5300 Saddle Road 
(Uresiphi ta) 5000 Strip Road 1 7 
4300 Kipuka Ki? 1 8 
1900 Hualalei 
D-l Berger Evolution 5400 Kilauea forest 2 11 
of honey- Sophora forest 6 5 
creepers Kauai 
D-2 Tomich Rodent 5400 Kilauea forest 2 11 
ecology 5200 (all 4 TR's) 
7000 - 9 sites 1 6-9 
4000 at releves 
E-l Paik Drosophila 6700 End of Strip Rd.l 6 
Sung genecology 6100 Strip Road 1 1 
5400 Kilauea forest 2 11 
5110 Strip Road 1 7 
4300 Strip Road 1 8 
4000 Strip Road 1 8 
Oahu (3 sites) 
* >Figures in parentheses refer to releve numbers as shown in Table 2 of B-1 
report on Mauna Loa Transect study. 
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PROGRESS OF INDIVIDUAL SUBPROJECTS 
Publications 
Our program has only been active for 1 1/2 years. Therefore, the first 
publications are only forthcoming now. We have decided that each publication 
originating from our group should be supplied with a contribution number. 
A footnote to the title should be cited uniformly as follows: 
Contribution No. ISLAND ECOSYSTEMS IRP/IBP HAWAII 
The first five contribution numbers were the following: 
Howarth, F. G. 
of Hawaii. 
In press. Cavernico1es in Lava Tubes on the Island 
SCIENCE (1972). 
#2 Mi, M. P., S. Yamashiro and D. Mue11er-Dombois. In press. 
Data storage and retrieval for the study of Hawaiian ecosystems, 
Proc. Fifths Hawaii Intern. Confer. on Systems Sciences (1972).', 
#3 Gressitt, J. L. and C. J. Davis. In press. New p1agithmysines 
from Kauai, Mo1okai and Hawaii. Proc. Hawaiian Ent. Soc. 
21(1) (1971). 
#4 Gressitt, J. L. and C. J. Davis. In press. Seasonal occurrence 
of the Hawaiian Cerambycidae (Col.). Proc. Hawaiian Ent. Soc. 
21(2) (1972). 
iF5 Gressitt, J. L. 
and Maui. 
In press. New p1agithymysines from Mo1okai, Lanai 
Pacific Insects 14(1) (1972). 
Hawaiian Drosophila: a comparison of Kilauea and Olaa 
Forests - progress report 
A-I 
E-l 
H.L. Carson 
There'are about 26 species of large endemic Drosophila (ll picture-wings") 
known from the Big Island. The fauna of the Kilauea Reserve (virgin koa 
forest) is being compared with a section of the virgin 01aa Forest along 
Wright Road. The latter is under National Park protection but is not con-
tiguous with the main park. 
A team of 5-6 collectors is used. Each person establishes a central 
point and baits with 15-20 small (about Icc each) dabs of a special banana 
bait around it. This is usually done for two successive days in the same 
location. All flies on or near the bait are individually collected by 
imprisoning under a vial. Sites near windfall trees are generally selected. 
Prior experience has shown that without such selection very few flies can 
be captured by this method. A simple effort-measure (flies per man-hour) 
has been calculated. 
Table 1 gives the result of collecting in the two forests in April~ 
June, September, and December of 1971. 
Thirteen species (half the number for the entire island) are .recorded 
at the Olaa Forest. Six of these species are also present in the Kilauea 
Eorest_ The predominant species at Kilauea (Q. silvestris) is scarce in 
the Olaa Forest. The reverse is true for the predominant species in Olaa 
(Q. setosimentum). 01aa is not only richer in species but populations 
appear to be more than twice as dense (7.8 flies per man-hour compared with 
3.1 for Kilauea Forest). In,the three collection periods, a total of 1082 
picture-winged Hawaiian Drosophila have been captured so far. Collectors 
vere: J. Aoki, G. and J. Ashton, H. and M. Carson, F. Clayton, E. Craddock, 
M. Delfinado, D. Hardy, W. Johnson, K. Kaneshiro, S. Malecha, R. Raikow and 
W. Steiner. 
Table 2 shows the results from Kilauea Forest detailed as to specific 
sampling location in the 200 acre site. 
'~~9 
Table 1. Species and numbers of individuals of picture-winged DrosoEhila 
captured in 1971 at two sites on I:-launa Loa, Hawaii. 
Kilauea Forest 01aa Forest 
Species 5300' I Ii 4000' 
A r June Se t Dec T A r June Se t Dec T 
claytonae 0 0 0 0 0 0 3 3 0 6 
digressa 0 0 0 0 0 4 5 31 14 54 
hawaiiensis 0 1 0 1 2 0 0 1 0 1 
heteroneura 0 0 0 0 0 1 1 3 7 12 
macrothrix 0 0 0 0 0 1 7 21 3 32 
murphyi 2 33 6 0 41 18 70 49 49 186 
ochracea O· 0 0 0 0 2 4 2 0 8 
paucipuncta 0 0 0 0 0 0 7 29 12 48 
pro1aticilia 0 0 0 0 0 1 3 1 2 7 
setosifrons 0 4 1 0 5 5 25 6 4 40 
setosimentum 0 0 1 1 2 52 17 131 90 290 
silvestris 38 107 103 164 412 0 3 0 5 8 
sproati 11 67 33 8 119 29 43 97 103 272 
Totals 51 212 144 174 581 113 188 374 275 964 
Man-bours collec-
ting 32 57 42 32 163 29 32 26 25 112 
Flies/man-hour 1.6 3.7 3.4 5.3 3.6 3.9 5.9 14.4 11.0 8.6 
Table 2. Sampling points for 581 specimens of picture-winged Drosophila 
caught at Kilauea Forest in 1971. 
TRI, PLI TRI, PL2 TRI, PL5 TR2,PL6 
Species Apr Jun Sep Dec Apr "Jun Sep Dec Sep Dec Jun" 
hato1aiiensis 1 1 
murphyi 1 7 1 18 5 1 8 
setosifrons 1 1 3 
setosimentum 1 1 
si1vestris 34 41 33 50 4 24 59 68 11 46 42 
sproati 10 18 6 1 1 33 26 2 1 5 16 
Total 45 66 39 51 6 77 91 71 14 52 69 
Man-hours 24 30 18 13 8 13 18 13 6 6 14 
Flies/man-hour 1.9 2.2 2.2 3.9 0.8 5.9 5.0 5.8 2.6 8.6 4.9 
.. 
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Mauna Loa Transect study: Gradient analysis of 
vascular plant communities. 
D. Mueller-Dombois 
G. Spatz 
The Mauna Loa Transect extends through a number of d~stinct structural 
and floristic ecosystems from tttopica:l alpine to montane rain forest. In 
accordance with the plans of the Island Ecosystems Program outlined at the 
March and Nay 1971 workshop meetings, '·7e intensified our vegetation sampling 
by establishing 81 new releves along the altitudinal gradient from 4,000 to 
10,000 feet. 
Definitions 
The relevls (= vegetation samples) were established in each 500 foot ele-
vation interval, and they were defined as representatives of three life form 
communities. The three life form communities are: 
(1) Tree community, defined as an asgregationof woody plants that form a 
"closed" canopy (meaning at least 60% ground cover) 'covering at least 60 m2 
ground surface (1. e., 2 or more trees) 'and that have th'eir maximum crown b~o­
mass at'S m height or taller. 
(2) Shrub comnunitv, defined as a grouping of woody plants having their maxi-
mum crown' biomass betHeen .• 2-5 m height. Over 5010 of the plant life forms in 
terms of shoot biomass must be shrubs (i.e., woody plants). No ground cover 
limit was assigned. Therefore, shrubs can be very scattered (e.g., 1 per 100m2), 
but they must ahv-ays be more in quantity than herbaceous plants. 
(3) Grass community, defined as a grouping of herbaceous plants among which 
more than 50% of the plant life forms must be grasses. No ground cover limit 
was assigned. Therefore, grass cOli.1munities can also be very sparse or desert-
like, but herbaceous life forms must predominate.· 
The three quantitative structural definitions match closely what most 
field biologists tv-ould intuitively classify as tree, shrub and grass communi-
ties, respectively_ 
Number and altitude of vegetation samples 
The distribution of relevls by community-type is as follows: 
Tree communities. We had 9 and added this SUMmer 18 = 27 total. 
Shrub communi ti es. We bad 4 and added 35 - 39 total. 
Grass cor.::munities. We had 6 and added 28 = 34 total. 
Therefore, "7e now have a total of 100 relev{s' analyzed between 4,000 
and 10,500 feet elevation. Their distribution by ecosystem type is summarized 
in Table 1. For the purpose of site coordination, the altitude and number of 
each relev{ is shown in Table 2. 
Brief interpretation of Table 2 
The tree communities arc dominated by Acacia koa from 4,000 to 6,650 feet 
32 
elevation, from 6,700 to 8,200 feet they are do~inated by Metrosideros 
collina subsp. polvmorpha var .:typ-ica. The shrub communities are dominated 
throughout their altitudinal range by Styphelia, from 4,600 - 6,600 feet by 
2. tameiameia, from 6,600 - 10,000 feet by §. douglasii. But there are other 
shrub species admixed. Major components in the grass communities are Paspalum 
dilatatum from 4,000 - 5,000 feet, then Holcus lanatus and Deschampsia austra-
lis become more important throughout the Mountain Parkland and up into the sub-
alpine scrub forest, from 5,000 to 6,900 feet. From about 7,000 feet upwards, 
the few sparse grass communities are dominated by Trisetum glomeratum. The 
total quantitative species composition for each relevl will soon be available 
through computer retrieval. 
/ 
Releve size 
/ 
The releves were 
in each community, but 
cover and its density. 
grass cover and 200 m2 
as found in the alpine 
The field record 
made large enough to include at least 90% of the species 
they varied in size depending on the homogeneity of the 
Relev~s in closed vegetation,were usually 100 m2 for 
for woody plant cover. In very sparse vegetation, such 
ecosystems, relev{ sizes were increased to 400 m2 • 
I In each releve, all vascular plant species were listed in separate height 
strata as follows: 
Al > 15 m tall trees 
A2 5-15 m trees 
Bl 2-5 m tall shrubs 
B2 .2-2 m shrubs 
Cl ~ .2 m tall herbs 
C2 ( .2 m small herbs 
The quantity of each species was estimated for its combined crown or 
shoot cover in each stratum by using the Domin-Krajina rating scale. This is 
a somewhat crude way of determining species quantities, but i~ is ,not super-
ficial. The method does not take much time and is adequate for the pt\rpose 
of gradient analysis. An example of a relev~ record is shown as Table 3. 
The rating scale used for determining cover is given below the relev~ record. 
Computer storage and analysis 
The 100 relevErs are presently transferred to the computer for storage 
and subsequent analysis according to the objectives presented in the May 23, 
1971 CIRCULAR LETTER to Hawaii lBP Participants. 
('Table 1. Summary of number of relev/s by ecosystem type,. Hauna Loa Transect .. , 
Segments 2 - 9. 
Ecosystem type 
Elevation range 
(feet) 
Number of releve's~': 
TC SC GC 
10 
15 
7 
2 
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Table 2. Altitude of relev/s in three life form communities by ecosystem 
type and elevation interval. 
Elevation Ecosystem Altitude of relev~s in feet 
interval type TC* SC GC 
(relevt number in parentheses) 
1fl Savanna 4000 ( 62) 3950 (19) 
4.00 - 4.49 (3900 - 5000') 4200 (39) 4000 (20) 
4000 (90) 
4100 (91) 
4400 (40) 
1f2 Savanna 4600 (96) 4600 (99) 4600 (97) 
4.50 - 4.99 4700 (100) 4700 ( 101) 4600 (98) 
4900 (103) 4900 (89) 4700 (102) 
4960 (86) 4925 (85) 
4925 (88) 
1f3 Mountain 5000 (21) 5100 (23) 5100 (22) 
5.00 - 5.49 Parkland 5350 (92) 5375 (94) 5200 (95) 
(5000 - 6650 ') 5440 (104) 5440 (106) 5350 (93) 
--- 5430 (107) 
5440 (105) 
ib4 Mountain 5785 (83) 5680 (114) 5660 (112) 
5.50 - 5.99 Parkland 5840 (108) 5790 (84) 5670 (113) 
5950 ( 115) 5820 (110) 5680 (111) 
5775 (82) 
5840 (109) 
5930 (116) 
1f5 Mountain 6200 (24) 6200 (25) 6100 (26A) 
6.00 - 6.49 Parkland 6200 (117) 6200 (119) 6lO0 (26B) 
6400 (121) 6400 (122) 6250 (118) 
6400 (120) 
1t6 Subalpine 6650 (123) 6575 (81) 6575 (79) 
6.50 - 6.99 Scrub- forest 6800 (17) 6620 (125) 6575 (80) 
(6650 - 7500') 6900 (77) 6625 (78) 6600 (124) 
6900 (129) 6850 ( 128) 6640 (126) 
6650 (127) 
6670 (135) 
1f7 7000 (16) 7100 (76) 6995 (143) 
7.00 - 7.49 7100 ( l30) 7250 (131) 
7260 (132) 
7475 (75) 
1M Treeline 7500 (15) 7500 (74) 
7.50 - 7.99 ecosystem 7650 (l33) 7675 (73) 
(7500 - 8200') 7900 (72) 7680 (134) 
7950 (71) 
-r., -
Table 2 continued uO 
~ 
-Elevation Ecosystem Altitude' of releve's in feet 
interval type TC* SC GC 
(relevl number in parentheses) 
il9 8000 (11) 8000 (13) 
8.00 - 8.49 Alpine 8000 (12) 8060 (136) 
Scrub 8250 (137) 
(8200 - 8500') 8400 (43) 
iHO Very sparse 8600 (63) 
8.50 - 8.99 Alpine Scrub 8900 (65) 
(8500 - 10,000 1 ) 
illl 9000 (138) 
9.00 - 9.49 9200 (64) 
9325 (66) 
9500 (44) 
iH2 9625 (67) 9700 (141) 
9.50 - 9.99 9650 (139) 9725 {68) 
9700 (140) 
9940 (70) 
9900 (142) 
il13 Moss Desert 10,050 (69) 
10.00 - 10.49 (10,000 - 11,000') 
\ 
* TC ~ Tree communities SC = Shrub communities GC = Grass communi-
ties 
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Exalllpl~ of rl!l('v~ record. 
Inform~tion for each Hawaii Volcanoes National Park vegetation sample (-releve'). 
numbers 1-62 
L Date of field analysis 
2. Releve No. 
3. Transect No. 
4. Segment No. 
5. Name of conununity 
6. Location on 1 : 24,000 map 
7. Altitude 
8. Exposure 
9. Slope 
10. Substrate 
11. Size of relev~ 
12. Remarks 
13. Vegetation strat ification 
A Tree layer height i. cover 
I3 Shl~ub layer height % cover 
C Herb layer height % cover 
D Moss and lichen layer 
E Epiphytes 
14. Species list and cover-abundance value (see last sheet) 
,/ 
Example Relevc No. 1 
1. 15.8.66 
2. 1 
3. 3 
4. 5 
5. Open Mctrosideros - native shrub ~ Andropogon community 
6. Volcano; Hilina Pali Road 
7. 3360 feet 
8. S 
9. 5%; almost level 
10. ash on pahoehoe 
12. Tall grasses and shrubs abundant; 6 large Metrosideros snags in center of 
plot and several smaller ones present; many other Hetrosideros snags 
outside th.:: plot; pig scarification of Andropogon yirginicus 3 x 5 m area. 
13. AI> 10 m 
A 2 3-10 m 
B 1 1-3 m 
B 2 .3 - 1 m 
B 3 <.3 m 
C 1 ) 1 m 
C 2 .3-1 m 
C 3 
D 1 On ground 
D 2 On litter 
D 3 On rocks 
D 4 On rotting wood 
E 1 On Mctrosideros 
E 2 On Dodonaea 
5 % J 40 % 
30 - 35% 1 
15 - 20 % ( 
5 - 10 % J 
50 - 75 
20% 
25 % 
45 '7. 
50 - 65.1.. 
95 % 
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E 3 On StyPhclia 
14. A 1 
HctTCl.sidcr(\s polymorpha vat; inc::loa 
A 2 
Metrosideros polymorpha vaL incana 
Santall1n1 .s;llipticum var. latifolium 
B 1 
4 Metrosideros pol~norpha var. inc ana 
3 Dodonae~ viscosa 
4 Styphelia tamaiameia 
+ Dubautia ciliolata 
B 2 
2 Wikstroemia phillyreaefolia 
4 Styphelia tamaiameia 
4 Dodonaea viscosa 
2 Dubauti~ ciliolata 
1 Metrosideros polymorpha var •. incana 
1 Vacclniu~~eticulatum 
n 3 
2 Dodonnea viscosa 
1 Styphelia tamaiameia 
3 Vaccinium reticula tum 
4 Coprosma ernodcoides 
2 Dubautia ciliolata 
C 1 
2 Rhynchelytrum repens 
4 M3chacrina angustifolia 
8 Andro~ogon virginicus 
8 shrubs 
6 shrubs 
8 plants 
7 trees 
7 trees 
1 outside 
31 trees 
Releve 1 
page 2 
C 2 
1 Fimhristylis dichotona 
2 Andropogon glomcratus 
2 Rhynchclytrum repens 
2 Setaria geniculata 
+ Briza minor 
1 Youngi~ japonica 
2 Sporobolus africanus 
+ Erigeron canadensis 
3 Luzula hawaiiensis 
4 Polypodium pellucidum 
2 Sonchus oleraceus 
+ Gahnia $ahnifolia 
. . 
+ Eupatorium riparium 
4 Agrostis avenaceae (retrofracta) 
(+)Cyperus hillebrandii 
3 Andropcgon virginicus 
2 Digitaria violescens 
2 Emi 1 ia .i avun lea 
3 Dianella lavarum 
2 ~~ polvstachyos 
2 Gnaohalium ourpureum 
C 3 
1 Hypochaeris radicata 
4 Carex wahuensis 
2 Youngin iaponica 
3 Elaphoglossum reticulatum 
4 hn~ropo~on yir~inicus 
;' 
Releve 1 
page 3 
2 Rulhostylis capillaris 
2 Digitaria violesccns 
1 Psilotum nudum 
2 Cypcrus Dolystllchyos 
3 Agrostis avenacea (rctrofracta) 
2 Fragaria vesca. 
1 Gnaphalium pllrpureum 
1 Vulpia mcg31ura 
3 Polypodium pellucidum 
3 CYDerus _brevifolius 
2 §acciolepis indica 
2 Briza minor 
+ Pleopeltls thumbergiana 
2 Rhynchelytrum repcns 
4 Gahnia ~niaeformis 
+ Spathoglottis plieata 
3 .£.onyza canadens i s 
" '" 
'5_' tJ / Releve 1 
page 4 
4:1 
Meaning of modified Domin-Krajina caver-abundance estimate scale (Mueller-Dombois 
1964, Canadian J. Botany 42: 1421) 
Rating 
Code 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
+ 
Cover f" 
Meaning Range 
any number, with complete cover 95 - 100 
any number, with more than 3/4 but less than 
complete cover 75 - 95 
any number, with 1/2-3/4 cover 50 - 75 
any number, with 1/3-1/2 cover 33 - 50 
any number, with 1/5-1/3 cover 20 - 33 
any number, with 1/10-1/5 cover 10 - 20 
any number, with 1/20-1/10 cover 5 - 10 
scattered, with cover under 1/20 1 - 5 
very scattered, with small cover ,. 1 
'" 
seldom, with small cover very small 
solitary, 
I:.,; 
+ 
with small cover 
Curve showing relation of mean cover degree (%) 
to Domin-Krajina cover-abundance estimate scale 
solid curve = mean cover degree 
dotted curves = showing range 
of cover value for each 
scah~ value ?!"~:' I I I / 
I I I 
I I I 
• I 
I I I 
I f- I 
I l' I 
I / I 
I .' I 
.. I" • 
f f I 
J / / 
I ,r I 
I ;'" I 
. ,-' 
/,-' I 
/ 
.' I 
" 
, -r I' 
, t ~ 
. - .
/ ,,/ ./ 
/ y" / 
• .' ..,d''''' ./ 
/,,,r' ",'" 
."',/ ..... 
~f~·.;: ,,--.... / 
.- ;" 
7 
Vn. I. # P "'--
10 
Mean 
Cover degree 
97.5 % 
85.0 % 
52.5 % 
41. 5 % 
26.5 % 
15.0 10 
7.5 % 
3.0 % 
.5 % 
• 1 % 
ignore 
e' 
Study on the influence of introduced large herbi-
vores on the vegetation in Hawaii Volcanoes 
National Park 
B-1 
. D. Mueller-Dombois 
G. Spatz 
Previous observations (Mueller-Dombois 1967) have shown that an import-
ant factor overriding the direct correlation'of physical environment ~ith 
vegetation are the introduced large herbivores. They include in the IBP 
study sites cattle, goats and pigs. Pigs were found to be of particular 
importance in the Kilauea rain forest, and part of the future plant ecolo-
gical studies will be devoted to the impact of pigs on the rain forest 
vegetation. Cattle was present in the mountain parkland and savanna eco-
systems of the National Park until they were removed in 1948. The Park 
boundary fence goes parallel to the Mauna Loa Transect and cattle, ranching 
continues outside this fence in these two ecosystems. A study of cattle 
influence will form a separate study. 
Following a vegetation mapping project in the National Park (Mueller-
Dombois 1966) the principal investigator suggested to the Park authorities 
construction of several exclosures against goats and pigs in different eco-
systems along the transect·s'. In 1968 the Park Service erec ted ? lOO x 10 III 
goat exclosure in the mountain parkland ecosystem along the Mauna Loa Tran-
sect at 6200 feet elevation. A 60 x 10 m pig exclosure was erected in the 
ohia-tree fern forest near Thurston Lava Tube (segment 12 , Transect 1). 
A second goat exclosure was established in the perennial Andropogon grass-
land ecosystem above Hilina Pali and another one in the annual Eragrostis 
tenella grassland below Hilina Pali. Their positions are in ecosystems 
along Transect 2 (segments 4 and 2 respectively) in seasonally dry c 11-
mates. 
In connection with the .ecosystem transect studies inside Hawaii Volca-
noes National Park, we devoted part of our vegetation-environment correla-
·tion studies to the influence of goats. 
The following reports relate to studies of the two goat exclosures in 
th~ mountain parkland and in the annual grassland. 
(a) Influence of goats on koa reproduction in mountain parkland ecosystem, 
Mauna Loa Transect. 
Goats (like cattle) are a relatively recent addition to the biota on 
the Hawaiian Islands. They were brought to Hawaii with the first explora-
tions of the white man, about 200 years ago. Since then, they have multi-
plied and spread into all natural vegetations in climates with dry seasons. 
Here they found no natural predators, except man. Their population numbers 
are therefore controlled only by availability of food, by their own capa-
city to reproduce and by interference from man. 
Their food supply consists of nearly all plants available in the dry-
zone habitats, but as is well known, their preference is for woody species. 
Foremost among them is one of the two most important native tree species, 
Acacia koa (koa). 
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Acacila koa occurs on all high Hawaiian Islands, usually in locally 
restricted areas bordering the Metrosideros (ohia) rain forests. Acacia 
koa can be found forming closed forests, but often occurs'more or less 
scatttered in grass-covered areas. Hhere open-grown, its distribution 
may have been influenced by fire crnd grazing (Mueller-Dombois and Lamoureux 
1967) • 
On the east-flank of Hauna Loa, Acacia koa is prevalent between 4,000 -
6,600 feet elevation. Here, it occurs in small forest stands that are hap-
hazardly distributed within a matrix of grass and scrub vegetation. This 
type of vegetation is locally referred to as mountain parkland, and a siz-
able portion of this occurs within the boundaries of Hawaii Volcanoes Nation-
al Park. 
In this ecosystem, Acacia koa reproduces almost entirely from root 
suckers (Mueller-Dombois 1967), while in the Kilauea rain forest, koa re-
production is primarily from seed. The sucker reproduction of koa in the 
, mountain parkland ecosystem is responsible for the occurrence of koa in cir-
cular colonies in this habitat. One or two old trees are often found in 
the center of these colonies and the outward growth is characterized by 
concentric rings or belts of successively smaller koa suckers. Part of 
this study was also devoted to the question of what stimulates the sucker 
reproduction of koa in this habitat. This question is partially answered 
by the goat impact study on koa. 
So far, no quantitative information on the impact of goats in Hawaii 
has ever been published. The information given here is incomplete and 
only for the purpose of indicating the progress of this study. 
The methods employed relate to quantitative analyses of the Mauna Loa 
Strip Road exclosure (6,200.feet), its surrounding vegetation and to the 
structural analyses of several koa tree com~unities in the mountain park-
land ecosystem. 
Exclosure transects 
Ten transects were established across the exclosures (Fig. 1). Along 
the 10 transects all koa suckers were counted in two meter broad strips 
and their heights Were measured. Additionally, their positions were mapped. 
The percent shoot cover of each species was estimated for every meter along 
the strips. The cover for herbs hnd grasses, shrubs, trees and the total 
cover we2e also established. The total sample includes about 100 m2 inside 
and 50 m outside the fence. 
Transects through unfenced koa colonies 
In addition to the exclosure analysis, 5 other transects between 
30-50 m long ~lere established through two unfenced typical koa colonies 
at 1,650 m (5,400 feet) elevation. Along these transects all koa trees 
in a 2 m broad strip were measured and counted. Each tree recorded was 
classified as either undamaged, browsed, broken or girdled by goats. The 
measured koa individuals were subsequently grouped into 10 height classes 
for each belt-transect. 
44 
Results of exclosure study 
Table 1 shows the result of the koa sucker enumeration in the 10 
belt-transects of Fig. 1. Sucker density is given in number of indivi-
duals per square meter for each of 9 height classes for inside and outside 
the exclosure. The average number of koa suckers is shown at the bottom 
of Table 1. 
From these values it can be seen that the number of suckers below 5 cm 
height is much greater outside the exclosure than inside. Suckers between 
5-10 m tall are about equal in nunlber outside and inside. The number of 
suckers above 10 cm decreases outside, and suckers from 0.5 m to 5 m height 
are completely absent outside. Suckers between 5 - 10 m height are again 
equal in number inside and outside the exclosure. 
Interpretations 
These tall (5-10 m) suckers obviously were there before the exclosure 
was built in 1968, and they are unaffected by the fencing. The smaller 
suckers from above 2 m height downwards in size show the effect of protec-
tion from goat browsing, which is manifested by the much greater number of 
suckers from 10 cm to above 2 m height found inside the exclosure. 
The 1-2 m tall suckers are probably 3 years old indicating a mean 
height growth of koa suckers of about 50 cm per year When not browsed. 
When severely browsed, suckers never reach this height, and as shown by the 
very large number of small suckers (below 5 cm height), they remain cropped 
close to the ground. This situation may allow grasses to overgrow such 
places and goats, if maintained constantly in high populations, can thus 
totally eliminate koa trees from the mountain parkland by interfering 
with their reproduction cycle. 
The results of the structural analyses of unfenced koa colonies permit 
recognition of the local intensity of goat impact on koa in this ecosystem. 
Additional transects are being run and the data is currently assembled for 
publication. 
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Fig. 1: Goat exclosure at 1,890 m 
(6,200 ft.) elevation 
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Table 1. Number of koa suckers per square meter inside and outside the Mauna Loa Strip Road goat exc1osure, 
June 1971. 
Height class 1 2 3 4 5 I 6 7 8 9 
Range in cm <2 ~.1 - 5 5 - 10 10 - 25 25 - 50 , 50 .. '100 100 - 200 ~OO - 500 !s00 -
F"en~ed~ . n out in out lin out in out in out in out in out in out in 
Transect 
ifF 1 - 1.32 - 0.09 p.ll - 0.27 - 0.05 - - - - - - - -
2 P.26 3.27 0.74 1.27 1.21 0.91 0.95 - 1.11 - 0.42 - 0.21 - T - -
3 - 0.83 1.17 0.08 0 .. 78 0.08 1.11 - 1.55 - 1.11 - 0.11 - - - -
4 
-
1.50 - 0.25 - 0.25 0.11 0.08 0~17 - - - - - - - 0.33 
5 - 2.67 0.05 2.15 - 0.34 0.22 - 0.49 - 0.43 - 0.05 - - - 0.11 
6 p.22 2.42 0.11 0.75 p.72 0.08 2.00 0.08 2.00 - 0.83 - 0.05 - - - -
7 - 6.GB - 6.70 0.33 2427 1.98 0.68 5.42 0.57 4.71 - 2": "69 - - - -
8 - 2.63 0.09 2.00 p.55 0.63 1.14 0.50 2.45 - 2.23 - 0:.;23 - - - -
9 p.05 5.54 0.28 4.52 10.61 0.68 1.14 - 1.84 - 1.51 - 0.38 - 0.19 - -
10 p.20 2.10 0.05 1~80 10.65 0.80 1.15 - 1.60 - 1.60 - 0.15 - 0.05 - 0.15 
.. _-
-
average 
1 - 10 p.07 2.83 0.25 1.96 0.50 Cl.61 1.03 0.14 1.67 0.06 1.29 - 0.40 - 0.02 - 0.06 
"<7>:~<?;r~<\ '" 
~- .:;, ; .)o ~':""~4:.~~(~"'~'f " ::":--; • 
~ •• • . " (.I."" 
• .~P •• • ~~ .. ':.:, . '" • 
1000 
out 
-
-
0.17 
-
-
0.08 
-
0.13 
-
-.• 
0.04 
(b) Influence of goats on annua 1 grass community, Hilina Pali lowland 
The lowland exc losure, known as Kukalauula Exc losure, is' in an area 
covered dominantly by an introduced annual grass, Eragrostis tenella. Woody 
plants are virtually absent from this ecosystem, although the rainfall is 
high enough (about 500-750 mm) to support woody life forms. The substrate 
is formed by a shallow layer of ash over broken'and strongly fissured pahoe-
hoe lava~ The location of the exclosure is at 1000 feet elevation of Kuka-
lauula Pali. Its size is 100 x 7 m. It was constructed in August 1969. 
Method of analysis 
In July 1971; two years after construction, the exclosure was analyzed 
by the point frequency method for species cover. Four transects were run 
as shown on Fig. 2. The transects were 20 m long and run across the exclo-
sute to include inside'and outside information. The sample points were 
20 cm apart~ Five points were sampled per meter with a point frequency 
frame. The total sample was 270 points outside and 140 points inside (of 
which 16 points were in the grazed inner fringe). Our field work was 
assisted by Do. W. Reeser, Park Ranger. 
Results 
The percent cover for all plant species is shown in Table 2. The data 
are separated for outside and inside the exclosure and. for the grazed inside 
fringe. 
Table 2. Percent cover of plant species inside and outside the Kukalauula 
Exclosure, July 1971. 
Species 
Cynodon dactylon 
Eragrostis tenella 
Desmodium triflorum 
Euphorbia hirta 
Cyperus brevifolius 
Chrysopogon aciculatus 
Phyllanthus niruri 
Bulbostylis capillaris 
Sporobolus africanus 
Cassia leschenaultiana 
Rhynchelytrum repens 
Waltheria indica 
Erigeron sp~ (dead) 
Indigofera suffruticosa 
*Canavalia sp. 
*Sisyrynchium acre 
*Heteropogon contortus 
barren soil or litter 
barren rock 
goat pellet 
inside 
30.6 
5.7 
8.6 
.;. 
4.8 
1.6 
0.8 
+ 
+ 
+ 
51.6 
+ 
+ 
0.8 
* native plants, the others are all exotics. 
. grazed inner 
fringe 
37.5 
37.5 
12.5 
12 .. 5 
outside 
30.7 
30.7 
7.4 
3.0 
1.5 
1.5 
1.1 
0.4 
18.0 
5.9 
0.4 
+ mean less than 1 percent. 
Fig. 2 Kukalauula Exclosure and sample transects. 
Interpretation 
The most striking response to the absence of goat feeding was the pre-
~sence of a herbaceous legume vine, Canavalia sp. This plant covered more 
than 50 percent of the ground surface in the exclosure. From a distance, 
the vine made the exclosure stand out like a green island in the midst of 
the dried-up yellow grassland. The Canavalia sp. grew 'vith great vigor 
(almost as if irrigated) to an approximate height of 30 em. This plant is 
found nowhere else in the Hilina Pali lowland, and its taxonomic status is 
currently investigated by Dr. Harold St. John. It will be described as a 
new endemic species. 
Another interesting response was the presence of three woody plants 
(Cassia leschenaultiana, Waltheria indica, Indigofera suffruticosa) inside 
the exclosure, while none were seen outside. 
Moreover, three bunch grasses were found only in the exclosure, Hetero-
pogon-contortus, Sporobol~ africanus and Rhvnchelvtrum repens. The cover 
of the annual grass Eragrostis tenella had decreased significantly from 31% 
to 6%, obviously, as a result of competition of the newly,invadedperennial 
plants. A few weedy species, which were present outside the exclosure, did 
not appear in the inside sample. These were two annuals (Bulbostylis capil-
laris, Phyllanthus niruri), a stolcniferous grass (Chrvsopogon aciculatus) 
and a low-growing weed (Euphorbia hirta). The latter was found only where 
the grass cover had locally disappeared from overgrazing and trampling. 
The exposure of barren soil and litter was 18% outside, while inside the 
soil was totally overgrown by vegetation. Two perennial herbs (Cynodon 
dactylon, Desmodium triflorum) showed the same cover inside and outside. 
However, both species responded inside by growing up to 20 cm tall, while 
they were closely cropped and lower than 5 cm outside. 
Conclusions 
The result of this exclosure experiment shows clearly the very strong 
influence of goats on shaping the vegetation in this lowland habitat. But, 
the results refer only to the first stage of a succession. It is remarkable 
that already three native species are participating in this early recovery 
process (Canavalia sp., Heteropogon contortus and Sisvrvnchium ~). It 
can be expected that the cover by woody plants will increase in the near 
future and that the annual and stoloniferous herbaceous life forms will 
soon disappear totally. 
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Kilauea rain forest study 
B-2 
D. Mueller-Dombois 
R.G. Cooray 
Jean Craine 
The comprehensive plant ecological survey of the 200 acre IBP study 
site in the Kilauea Forest Reserve has been completed. The field work was 
done by two graduate students, Ranjit G. Cooray and Jean Craine, who are 
presently assembling their data for analysis and interpretation'to be used 
in each case for a M.Sc. thesis. Ranjit Cooray is working on a structural 
analysis of all woody plant species in this rain forest and Jean Craine on 
a pattern analysis of the undergrowth communities. These studies'will 
form a contribution to the question of stability in a dominantly native 
Hawaiian rain forest ecosystem. 
The field procedure followed was essentially that outlined in Techni-
cal Report #1, pages 56-77. However, a few modifications were introduced. 
First of all, the complete survey was done only along tr,ansects 1 (sample 
plots 1-5) and 4 (sample plots 16-20) (see Eig. 1, p. 59 of Tech. Rpt. #1). 
After completing these two outer transec~s with .their total of 10 plots, 
and after walking and outlining the inner two transects, it was felt that 
the essential variation in the 200 acre site was already included. There-
fore, the two central transects were omitted from further complete field 
analysis. Analysis of the data will show Hhether this assumption was 
valid. Nevertheless, all trees taller than 5 m were counted along all 
four transects. 
Other departures from the original outline include the following: 
1. In addition to counting in subsamples, the seedlings of all potential 
trees in the forest, all woody plant seedlings (i.e., also the seedlings 
of shrub species) were sampled for density. ' 
2. The sampling base per plot was enlarged by sampling sixte'en 5 x 3 m 
subplots instead of only ten for all plant categories (except bryophytes, 
which were assessed only in the first four 5 x 3 m subplots). 
3. Instead of using as originally planned a minimum number of 100 indivi-
duals for enumeration of different size classes, the enumeration was based 
on an area-sample: All trees and shrubs (inclusive of seedlings) were 
counted by size and species along a 6 m wide strip to a distance of 100 m 
from each plot point. All woody plants taller than 5 m were .counted (by 
size classes) in continuous 1000 m long belt-transects for all four tran-
sects. 
4. In addition to the original plan, cover for two height strata (.5 -
2'm and 2.1 - 5 m) was established by the line-intercept method along the 
two 1000 m transects. 
Both students presented a progress paper at the October 8 annual 
meeting of the Island Ecosystems IRP. The essence of their presentations 
is given in the f~llowing reports. 
(a) Tree population structure and dynamics 
R.G. Cooray 
D. r-lueller-Dombois 
Following field reconnaissance and establishment of a sampling proce-
dure for the Kilauea rain forest in September 1970, transects 1 and 2 
were flagged out in January 1971, and transects 3 and 4 in June. The 
comprehensive plant ecological survey was begun in April 1971 and completed 
during June and July. 
Field method 
All woody plant species were sampled in various size classes from seed-
ling to mature stage. Among seedlings, ~yo classes were recognized: (1) 
germinants «lO~m tall seedlings), (2) established seedlings (seedlings 
from .1 - .5 m tall). From.5 m height on, woody plants were counted in 
five stem-length classes up to 5 m height. Above 5 m height, woody plants 
were enumerated by diameter at breast height. 
To obtain an adequate number in each size class, the following area-
samples were taken along the transects. Along transects 1 and 4, seedlings 
were enumerated in 40 x 6 m belt-transects starting 1450 SE from each of the 
five plot points (see Fig. 1: TRl plot points 1-5; TR4 plot points 16-20). 
Woody plants up to 5 m stem length were enumerated over 100 x 6 m belt-tran-
sects at the same 10 plot points. Woody plants over 5 m height were enum~ 
rated along all 4 transects in continuous belt-transects. each 1000 x6 m. 
In addition, trees over 13 inches in diameter at breast height (which were 
the emergents, mostly Acacia koa and a few Metrosideros collina subsp. 
polymorpha) were measured by the point-centered quarter method. This was 
done at each of the iP plot points and at the 50 and 100 m points in SE 
direction of each plot point. Thus, a total of f1D over I3-inch trees 
were enumerated by this method. 
Some preliminary results 
The Kilauea Forest shows a relatively low diversity of woody plant 
species when compared with montane rain forests in other parts of the world. 
Only 17 woody plant species were found in the study site. 
These could be grouped into 3 abundance classes. Acacia koa and Metro-
sideros collina are the most common tree species and are found throughout 
the forest. The second abundance class includes Cheirodendron trigynum, 
Ilex 3lCIllala and Pelea spp. which are found scattered throughout the forest. 
The third group are rare species. Of these, less than 5 individuals per 
species were enumerated in the entire sample. The rate group includes spe-
cies such as Clermontia hawaiiensis, Myrsine sandwicensis~ and Pipturus 
hawaiiensis, among others. 
Among the common species, Hetrosideros collina subsp. polvmorpha shows 
abundant regeneration by seedlings. The seedlings were mostly found cn 
rotting logs, but a few seedlings were observed also on mineral soil. All 
size classes from serminants to emergent trees were recorded for this tree 
species. Metrosideros density decreased from 200-270 seedlings per 100 m2 
to 26-27 individuals per 100 m2 of trees 5 rn and taller. 
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Fig. 1. Kilauea Forest Reserve IBP study site orientation map for 
participants. 
outline of study site. 
base line (SSONE) white flags every S meters. 
.-. 
I 
I 
1: 
0 
0 
0 
I 
blue flags every S m from base line to start of plots 1,6,11 & 16 
and between plots on transects. (l45 0 SE) 
f\..; IV rJ 
orange flags every 5 m in plots on transects.(145 0 SE) 
blue flags from logging road to base line. 
starting points of tLansects marked with tag & blue & white flags 
starting & end points of plots marked with tag, blue & orange fla. 
50 m point in plots marked with tag, blue & orange flag. 
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Acacia koa reproduces by two methods, from root suckers ar~s~ng from 
injured exposed roots and from seedlings. The root suckers are localized 
in places where roots are exposed. Small seedlings, often with cotyledons 
still intact, \'1ere common on mineral soil and rotting logs. But, seedlings 
of koa were much fewer than seedlings of Metrosideros. Koa had a very un-
equal size distribution. Rare were intermediate sizes, more common were 
seedlings and emergents. The few intermediate sized koas were found grow-
ing on root collars of fallen koa trees. Many fallen koa trees were pre-
sent, but not all had koa regeneration on the root collar. The less abun-
dant tree species, Cheirodei1d:ror), trigynum, ~ anomala and Pelea spp. 
show good regeneration. Seedlings of these and Copros~a rhynchocarpa 
were common. Most of the seedlings were found on rotting logs. Little 
or no regeneration was observed for the rare woody species. Their main-
tenance and distribution in this forest pose an interesting question that 
should also be studied. 
The reproduction pattern of Acacia ~ 
However, one of the initial objectives of this study is to determine 
the place of koa in this forest ecosystem. The replacement pattern of koa 
seedlings and saplings on the elevated root collars of fallen koa trees 
was slightly less than.l : 1. This means that somewhat less than 100% of 
the root collar positions were occupied by koa regeneration. Seedlings and 
root suckers of koa were found on mineral soil, but few were seen to attain 
a height of over 2 m. These few were found in protected positions, in areas 
fenced off naturally by large fallen tree trunks. Thus, the primary niche 
of the koa sa~plings was on root overturns. It is possible that these root 
collar positions are more favorable than the forest floor for koa survival 
because the immature plants receive more light here. This possibility will 
be checked. However, profile diagrams of several forest sections along the 
transects indicate that large openings are available on the forest floor. 
Much sunlight reaches the forest floor in these openings, but, in spite of 
this, intermediate sized koa trees were absent. The degree of shade tole-
rance of Acacia koa is not yet known, but the root collar positions and 
forest floor areas do not seem to differ significantly in light availability. 
The possible role of pigs 
Several instances of chewed koa root sprouts were observed during the 
survey. The sprouts were chewed at a height of less than 10 cm from the 
ground. Only the leaves were stripped and the stems showed dried-up mud 
at the clipped ends. This observation provided circumstantial evidence that 
pigs feed on koa seedlings. Pig feeding of koa seedlings would also explain 
why saplings can survive on elevated root collars and in othenvise protected 
positions. 
Abundant pig activity was observed on the forest f160r. Soil scari-
fication, feeding marks on tree fern trunks, and feces were commonly noted. 
Many live pigs were seen during the field work. 
These observations lead to the hypothesis that the pig is a major fac-
tor in the dynamics of this forest ecosystem. Among other influences, the 
pig seems to interfere with the current reproduction cycle of koa. The 
effects of rats and mice on koa reproduction in the Kilauea forest are not 
yet known. It is possible that these rodents feed on koa seed and also on 
young seedlings. Dr. Tomich's studies (D-2) may contribute knowledge on 
the effects of these rodents on koa reproduction. Pigs seem to affect the 
koa reproductive cycle at a later stage by chewing of foliage from seedlicgs. 
Their trampling, ploughing and wallowing could also uproot young seedlings. 
Pig exclosures and pig activity 
As a result of these observations, several small pig exclosures were 
recently established in the 200 acre IBP site. Some exclosures were built 
around eXisting root suckers, others were supplied with koa seeds. Addi-
tional exclosures are planned to thoroughly study the effects of pigs on 
this rain forest vegetation. A pig activity survey was made along the 4 
transects that included information on feces, freshly scarified areas, feed-
ing on tree fern trunks and koa seedlings in a semi-quantitative manner. 
These results are being analyzed. 
Tree structure analysis 
The woody plant data is being analyzed in the form of number/size 
class curves to determine more clearly the current natural replacement 
pattern of the more abundant woody species in this forest. 
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(b) Spatial pattern of plant synusiae 
Jean Craine 
D. Hueller-Dombois 
This study is concerned with the mathematical detection of undergrowth 
community patterns in the Kilauea rain forest. 
The term "synusia" is used to more closely specify the kinds of under-
growth communities that ,·,il1 be analyzed for pattern. A synusia is commonly 
defined as a layer community. In a typical forest, one can often recog-
nize at least four synusiae or layer communities, one each formed by the 
trees, the shrubs, the herbs and the mosses on the ground. These four 
synusiae can often be further subdivided on the basis of life form simi-
larity of the species growing in each layer. Thus, in a narrower sense, 
synusiae can be defined as subcommunities that are comprised of species 
of similar life form growing together in the same ecosystem. 
It was thought that this study would be of interest because the over-
all impression of the 200 acre IBP study site and the surrounding.(at least 
1000 acre) rain forest ecosystem appears extremely hccogeneous on the I : 
12,000 air photo. This homogeneity is caused primarily by the more or less 
random distribution of the scattered emergent Acacia koa (koa) trees. 
Underneath the koa trees, the vegetation appears to be less homogeneous. 
In certain places, Metrosideros collina subsp. polymorpha (ohia) subcanopy 
trees appear to be aggregated, in others more widely scattered. Similarly, 
tree ferns (Cibotium spp.) are not uniformly distributed throughout the 
forest, even though, on first view, they appear to be. 
A few obvious patterns are found in the forest. For example, there 
are a few wet and boggy depressions that are stocked with Carex species 
while tree ferns are absent, also there are canopy gaps where old big 
koa trees have fallen. 
The purpose of this study is to find out whether these more obvious 
and less obvious variations can be detected mathematically through an objec-
tive field sampling technique. Moreover, when such patterns are demonstra-
ted, the study will serve as the basis for further research into the causes 
and stability of these variations. 
Field procedure 
The field survey was done together with Ranjit Cooray, who will ~se 
the density by size class data of woody species for the tree population 
structure analysis. The data set for the spatial pattern analysis was 
obtained for the following synusiae (see Procedure for Sampling the koa 
ooia-tree fern forest, pp. 56-77 in Tech. Rpt. #1): 
1. Noss and liven.,ort synusia on forest floor, which is restricted 
to decaying wood and lying logs 
2. Epiphyte synusia (only vascular plants) 
3. Herbaceous plant synusia, including woody plants up to .5 m tall. 
The latter may later be subdivided as a special synusia. 
4. Shrub synusia, including all woody plants from .5 - 5 m stem length. 
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(Stem length rather than height was used because in this forest 
stems are often leaning, bent or in the C~BC of the tree ferns, 
trailing on the ground or over logs)o 
5. Subcanopy tree synusia, including all trees from 5,1 m stem length 
upwards to a diameter at breast height (dbh) limit of 3205 em (13 
inches). 
6. Canopy and emergent trees, including all trees from 32.6 em (13.1 
inches) dbh upwards. The emerg~nt tree or canopy synusia will also 
be analyzed for its influence on the undergrowth synusia. 
The main parameter recorded for this analysis was vertical crown or 
shoot cover. The cover of the moss and herb synusiae was estunated for each 
species separately in 5 x 3 m subplots. The cover of the shrub synusia was 
obtained by the line- intercept method < The crovlU cover of the subcanopy 
tree synusia was approximated by measuring a large number of dbh/crown dia-
meter relationships, and by extrapolating to crown cover from the diameter 
records. The cover of the emergent koa trees will be obtained from a large-
scale air photo by use of a dot-grid, 
The basic area-sample was a 40 m long belt .. ·transect of 6 m width that 
was subdivided into sixteen 5 x 3 m subplots. These belt-transects began 
at each plot point located on the two outer transects (TR 1 and 4) in the 
IBP study site. Ten such belt-transects or plots were surveyed for each, 
the herb, shrub, subcanopy and emergent tree and vascular epiphyte synusiae. 
The moss synusia was surveyed only in four 5 x 3 m subplots in each of the 
10 plots. Since the quantity of plants per area decreases with the size 
of plants, additional area-samples were taken for the woody plant synusiae. 
The shrub synusia was surveyed over a 100 m long belt-transect and the sub-
canopy and emergent tree synusiae over a 200 m long belt-transect starting 
at each of the 20 plot points along the 4 transects" To further supple-
ment the sample of the scattered emergent trees, they were sampled addi-
tionally by the point-centered qUQrter method. ' Three samplirg points 
were used for each of the 10 plots~ at the starting point, at the 50 m 
point and at the 100 m pointo ThUD, the point-quarter sample included 
120 emergent trees. Since density data was taken for all woody plants, 
the latter may also be subjected to spatial variation analysis • 
Computer analysis 
Presently, all field data is being transferred onto computer cards. 
At least two methods are contemplated for data analysis, the pattern analy-
sis method of Greig-Smith (1961 J, Ecol. lf9: 695) and the Hisconsin ordina-
tion method (Bray and Curtis 1957 Ecolo Monogr. 27:325 and Newsome and Dix 
1968 Am. MidI. Natural 80~118). 
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(c) Provisional Checklist of Plants from IBP Study Site Kilauea Forest 
Reserve, Hawaii, 5,400 feet elevation. 
(Compiled by Ranjit G. Cooray) 
Chlorophyceae 
Nitella sp. 
Spirogyra sp. 
Cyanophyceae 
Algae 
Anacystis dimidiata (Kuetz.) Drouet & Daily 
Palmogloea protruberans (Sm & SW".) Kuetzing 
Schizothrix tenerrima (Gomont) Drouet 
Phycomycetes 
Pilobolus sp. 
Piptocephalis sp. 
Cladonia sp. 
Stereocaulon sp. 
Hepaticae 
Anastrophyllum fissum 
Bazzania cordistipula 
Bazzania sp. 
Husci 
Calypogeia torana 
Calypogeia sp. 
Dumortiera hirsuta 
Lepidozia australis 
Lophocolea sp. 
Odandochisma sandvicense 
Pallavicinia sp. 
Symphyogyna sp. 
Campylopus sp. 
Hypnum sp. 
Leucobryum gracile Sullo 
Plagiothecium draytonii 
Pogonatum sp. 
Rhizogonium spiniforme 
Thuidium sp. 
An thocere te 
Anthoceros sp. 
Fungi 
Lichens 
Bryophytes 
B-2 
Dicksoniaceae 
Cibotium chamissoi 
Cibotium glaucum 
Hymenophyllaceae 
Sphaerocionium lanceolatum 
Vandenboschia davallioides 
Gleicheniaceae 
Gleichenia emarginata 
Lycopodiaceae 
Lycopodium cernuum 
Lycopodium haleakalae 
Harattiaceae 
Narattia douglasii 
Polypodiaceae 
Asplenium contiguum 
Asplenium lobulatum 
Asplenium normalae 
Asplenium schizophyllum 
Athyrium microphyllum 
Athyrium sandt.;richianum 
Coniogramme pilosa 
Cyclosorus sandt.;richensis 
Dryopteris glabra 
Pteridophytes 
Dryopteris paleacea 
Elaphoglossum hirtum Var. micans 
Grammitis hookeri 
Pleopeltis thunbergiana 
Polypodium pellucidum 
Pteris excelsa 
Pteris irregularis 
Sadlcria pallida 
Thelypteris stenogrammoides 
Apocynaccae 
Aly:da olivaeformis 
Aquif ali ace ae 
Ilex aaomala 
Araliaceae 
Cheirodendron trigynuc 
Campanulaceae 
Clermontia hawaiiensis 
Cyanea sp. 
Angi os pe rIDS 
B-2 
Compos.i tae 
Erechtites valerianifolia 
Eupatorium riparium 
Gnaphalium sp. 
Hypochaeris radicata 
Senecio sylvaticus 
Cyperaceae 
Carex alligata 
Carex macloviana 
Epacridaceae 
Styphelia tameiameiae 
Ericaceae 
Vaccinium calycinum 
Gesneriaceae 
Cyrtandra lysiosepala 
Gramineae 
Anthoxanthum odoratum 
Axonopus affinis 
Guttiferae 
Hypericum japonicum 
Juncaceae 
J~ncus planifolius 
Juncus tenuis 
Labiatae 
Stenogyne calaminthoides 
Leguminosae 
Acacia koa 
Liliaceae 
A9telia menziesiana 
Loranthaceae 
Korthalsella complanta 
Hyoporaceae 
Hyoporum sandwicense 
Hyrsinaceae 
Hyrsine lessertiana 
Myrsine sandwicensis 
i-lyrtaceae 
Hetrosideros collina subsp. polymorpha 
Piperaceae 
Peperomia leptostachya 
Peperomia macraeana 
B-2 
Polygonaceae 
Rumex Spa 
Rosaceae 
Rubus hawaiiensis 
Rubus penetrans 
Rubus rosaefolius 
Rubiaceae 
Coprosma rhynchocarpa 
Nertera depressa 
Rutaceae 
Pelea clusiaefolia 
Pelea sandwichiana 
Saxifragaceae 
Broussaisia sp. 
Scrophulariaceae 
Veronica plebeia 
Veronica serpyllifolia 
Solanaceae 
Solanum nigrum 
Umbelliferae 
Hydrocotyle sibthorpioides 
Urticaceae 
Pipturus hawaiiensis 
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B-2 
Report of phenological and growth 
studies. 1971 
( .... 1 t) _ 
B-3 
C. H. Lamoureux 
J. R. Portar 
The first part of this report deals with studies of species other 
than Metrosideros, while studies of Metrosideros which have involved 
about one-third of our efforts i~ 1971 are summarized at the end of the 
report. 
During 1971 nine plots were established in Hawaii Volcanoes National 
Park and in the Kilauea Fores t Reserve for the study of phenology, growth 
rates, and cambial activity in woody species (Table I). 
In each plot 10 trees of each species are marked. and at monthly 
intervals circumferences are measured and phenological observations 
made on each tree. At the same time cmnbial samples are obtained from 
one tree of each species, both from the main e tem and from small twigs. 
From 5 to 10 tagged twigs on one or two trees of each species in each 
plot are measured and mapped at monthly intervals to provide additional 
data on patterns and rates of growth. 
A series of other species are examined in each plot at the time of 
each visit in order to provide further phenological information. ADou 
40 species are involved p including ferns, grasses, herbs, and woody 
plants, in addition to the 12 woody species (Table I) which are studied 
more intensively. 
Since we have less than one full year's observations from most 
plots, it is impossible to make definitive statements about phenological 
phenomena yet. However our studies have yielded enough data to enable 
us to suggest general sequences and durations of phenophases in some 
species, and have pointed out the need to continue our observations for 
a period of one or two years before we can draw any firm conclusions .. 
A selected series of observations are reported here: 
1. The ph('nology of Acacia ~ was the subject of one previous study 
(Lanner, R. M. 1965. uPhenology of Acacia koa on Mauna Loa, 
Hawaiilf , U. S. Forest Service Research Note PSW-89~ 10 pp.). A 
comparison of our data and Lannerts (Fig. 1) shows that in 1964 koa 
flowered most heavily beb'leen February and May. while in 1971 
flowering occurred between October and December in the same areas. 
This suggests that we need to obtain much more data on flowering 
times in koa. 
2. Baldwin studied fl~Nering in Sophora chrysophylla on Mauna Loa and 
Kilauea in 1948-49 (Baldwin, P. R. 1953. flAnnual cycle, environment 
and evolution in the Hawaiian honeycreepers (Aves:Drepaniidae)", 
Univ. Calif. Publ. Zeol. 52:285-398). Figure 2 compares our data 
with Baldwin's, and shows that flowering patterns in 1971 were 
similar to those in 1948-49. In mos t areas flowering was heaviest 
in both years between October and March. HO"..tever, our data show 
that in two localities, the highest and lowest elevations in our 
study, there was also a period of fairly heavy flowering in July, 
while Baldwin did not find significant ntJi2bers of flCMera in the 
summer during the course of his study. 
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3. In Cheirodendron tri8In~ (Fig. 3), an evergreen species from 
montane rainforests, vegetative flush occurred between February 
and May, followed by flowering between March and Augua t. Ripe 
fruit were observed between July and December. In this species 
inflorescences are borne terminally on new shoots. 
4. In Diospyros ferrea (Fig. 3), an evergreen species from summer-dry 
coastal lowlands, new vegetative flushes were observed throughout 
the year, although there were fewe~ such flushes during the drier 
summer months. Flowering was observed from January through May and 
from November to December, but few OT no flowers were found during 
summer months. Fruits in various stages of development were found 
throughout the year, but the largest number of ripe fruits dropped 
to the ground in: November. In this species flowers occur singly in 
leaf axile, and buds develop irregularly (Le., flowers do not open 
in regular acropetal or basipetal sequences). Thus one could find 
the following in consecutive leaf sx:Us on a single twig: ripe 
fruit, flower bud, open flower, young fruit, ripe fruit, young fruit, 
flower bud. 
5. Erythrina sandwicensis (Fig. 3) is a deciduous tTee from the aumaer-
dry coastal lowlands. Old leaves fall between KarCh and June, 
followed by flowering from June through September with a peak in 
August, and a few trees flowering as late as October. New leaves are 
produced starting in November, after the onset'of the wetter season. 
Fruits remain on the tree all year. These leguminous fruits open a 
few months after flowering" but the seeds may remain attaChed to the 
open pods for a year or more. Trees are leafless for four to five 
months, and flower while leafless. 
6. Sapindus saponaria (Fig. 3) is a deciduous species which grows in 
Kipuka Puaulu at 4000 feet elevation. The climate 1s summer-dry 
but there are frequent fogs in the area in the dry season. In 1971 
leaf-fall occurred between February and May, with new flushes of 
vegetative growth appearing between March and July. Vegetative 
flushing was followed by flowering between May and September. 
Full-sized fruits were evident by July, and some ripe fruits were 
falling in August. Some fruits remain on the plants as late as 
March, but usually all have fallen before new vegetative flushes 
occur. Individual trees are leafless for only one or two months,_ 
and flowering occurs after the new vegetative flushes. 
Further studies will be necessary to determine if the pat'terns 
observed in 1971 are regular and occur at t~e same times ean year. 
Data for studies of growth rates and cambial activity are still 
being analyzed, but for most species it appears that the vascular 
cambium is active to some degree throughout the year. 
Plans for 1972-73 include continuing monthly observations and 
sampling, and, time and funding permitting, extending studies to other 
species not now included. When data have been obtained for two year. 
(by Jan. 1973), we will begin work on correl.tiens between climatic 
data and phenological and growth data. 
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Hetroaideros 
During 1971, obser.vations were made at intervals of four to six 
weeks, dur.ing eight visits to the fNNP plots. Two areas isolated by 
recent lava flows ~vere eliminated from the study~ and four new ones 
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were established. There are now a total of nine plots for the study of 
Netrosideros trees. They are locc:ted at elevations of 50 t 2380, 3370, 
3920, 3990, 4025, 4120, 5150, and 7000 feet. The four plots near the 
4000-foot level are locat·ed in different climates O'~l various 60il types 
(Table II). Observations of phenology and growth rates of marked trees 
were made. Cambial samples 'Nere taken. T'ne predOtdna.'1t tree within the 
park is Metrosideros collina Gubsp. polymorpha var-. incana, and 86 of 90 
trees examined were. of this variety, distinguished by pubescent leaves. 
twigs, and flowers. The ether trees belong to glabrous or smooth 
varieties. 
Cambial samples taken at every visit throughout the year showed that 
the vascular cambium is continuously active in all trees sampled at each 
location. The bark easily detached from the wood at the cambial zone 
although the intention was to keep the two tissues in conta~t during the 
sampling procedure. The portions of bark and wood were fixed in CRAl!' III 
fixative for later exaw~nation. A few samples studied in detail have 
shown that the cambial zone is only a few cells thick indicating very 
low activity and thus accounting for the slow rates recorded of 0 - 20 
millimeters circumferential increment during the year. An intriguing 
discovery was that the trunks of the trees at most plots are flattened. 
In cross section they ar.e elliptical in shape with the major axis 
running north-south. 
During the past year, the greatest number of trees produced the 
larges t numbers of inflores cences at 50. 2380, 4120, 5150, and 7000-foot 
elevations (Table II). Peak flowering occurred from April to July at 
these elevations with the exception of the 7000-foot elevation which had 
its peak from December to March. The other intermediate elevations had 
less intensive flowering. The peak at 3370 end 3990 feet was July, 
at 3920 feet was November to Jflnuary. and at 4025 feet was Janua:ry. The 
winter fl~~ering peak occurred in the rainforest and the summer fl~~ering 
peak in the summer-drJ forest, at tilese intermediate elevations. On 
many trees at all elevations floyering continue~ for several months. with 
only one peak each year, a few have subsidiory pea~s, still fewer did 
not flower. 
Inflorescences are usually borne from 2~illary buds on recently 
formed twigs, the flowers within a oingle inflorescence blooming over a 
month-long period. The fruit capsules ta.keai..~ months or longer to 
mature. 
Flushes occur several timt;!s a year on each tree. However, on any 
one twig only one flush occurs each year. Tnls is in contrast to the 
flush-on-flushes that occur in several varieties on Oahu. Typically 
each vegetative flush .:.onsists of 10 paired leaves with the terminal 
bud not developing. I~ some drier ar2~4, mainly outside of the numbered 
plots, trees bear long icdeter-t"inatc. shoots resp.mbling l:u::aaa shoots. 
Each normal, determinate flush takes about two months from bud break 
to hardening off. No correlation of climate to per.iodicity in flushing 
haa been noted. Leaf fall occurs throughout the year. 
Among other growth aspects studied were insect damage. Heavy 
attacks by various Lepidoptera on both vegetative fu"'1.d floral buds have 
caused much limitation to the growth potential, particularly during the 
summer. 
Collaboration with other investigators: Closest collaboration has 
been with certain entomologists concerned with fluctuations in 
populations of insects related to specific plant phencphases. 
Projects C-4, C-S. and C-6 are cost directly involved here and C-l is 
involved.in part. There is close cooperation with two botanical 
projects, B-6, genecological studies on Metrcsideros, and a-8, roles of 
fungi, For example, in December 1971 we noted a conspicuous Penicillium 
which appeared to be decomposing the meso carp of piospyros fruits, 
large numbers of which had fallen to the ground during November. It will 
be useful to determine the role of this fungus in the ecosystem and to 
determine if there are seasonal flu.ctuations in the fungus population 
which can be correlated with txuit fall in Diospyros. 
Relationships between this project and studies of birds (D-l) should 
be immediately appa,rent. Information from this project will also be of 
use in D-2, studies of small mammal populations. Fol.' example there may 
be seasonal differences in diets of small ~als, or perhaps even 
fluctuations in population sizes, whic~ may be related to particular 
plant phenophases. 
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TABLE I 
Information on plots for studies of phenology, growth rates, and cambial activity of woody species. 
LOCATION 
Kalapana Section, 
Near Wahaula Heiau 
Kipuka Nene 
Thurston Lava 
Tube 
Kilauea Military 
Camp 
Kipuka Puaulu 
Mauna Loa Strip 
Road 
Kilauea Fores t 
Reserve 
ELEVATION 
(FEET) 
25 
3000 
4000 
4000 
4000 
5150 
5400 
SPECIES STUDIED 
INTENSIVELY 
Erythrina sandwicens=f:.s 
Diospyros ~~ 
Sophora chtysophylla 
Ilex anomala 
Coprosma ochracea 
Myrsine lessertiana 
Santalum ellipticum 
Sophora chfYsophylla 
Acacia koa 
SapinduS-Saponaria 
Sophora chrysophylla 
Acacia koa 
Dodonaea viscosa 
Acacia koa 
Cheirodendron trigynum 
Myoporum sandwicense 
MONTH PLOT 
ESTABLISHED 
March 
January 
May 
October 
March 
March 
March 
CLIMATE 
TYPE 
Warm-tropical 
Summer-dry 
Summer-dry 
Humid 
Humid summer-dry 
transition 
Summer-dry with 
frequent low 
clouds 
Summer-dry with 
frequent low 
clouds 
Humid summer-dry 
transition 
OJ 
Cfl 
TABLE I 
Information on plots for studies of phenology, growth rates, and cambial activity of woody species. 
(Continued) 
LOCATION 
Mauna Loa Strip 
Road 
End of Mauna Loa 
Strip Road 
ELEVATION 
(FEET) 
6000 
6700 
SPECIES STUDIED 
INTENSIVELY 
Sophora chrysophy1la 
Acacia koa 
Sophora chrysophyl1a 
Acacia koa 
MONTH PLOT 
ESTABLISHED 
November 
January 
CLIMATE 
TYPE 
Summer-dry wi th 
frequent low 
clouds 
Summer-dry with 
frequent low 
clouds 
t:d 
I 
W 
TABLE II 
Metrosideros plot locations and characterizations 
NUMBER LOCATION ELEVATION CLIMATE SUBSTRATE VEGETATION TYPE PE}JZ ABUNDANT 
FLm\TERING FLOWERING 
6 Kalapana 50' Tropical summer pahoehoe Very open Metrosideros Apr.-July + 
drought Diospyros forest 
13 Hilina Pali 2380 I Surrrrner-dry aa Open Metrosideros Apr.-July + 
Andropogon grassland 
12 Hilina Pali Rd. 3370 ' Summer-dry pahoehoe-ash Metrosideros-native July 
shrub 
11 Thurston Lava 3920 ' Humid montane moderately Closed Metrosideros- Nov.-Jan. 
Tube rainfores t deep con- Cibotium fern forest 
tinuous ash CJ 
"-J 
9 Mauna Loa Strip 3990' Summer-dry-humid pahoehoe-thin Open Metrosideros- July 
Rd. transition ash lichen with shrubs 
10 Highway 11 4025' Humid-summer-dry pahoehoe-thin Open Metrosideros- January 
transition ash Sadleria fern forest 
8 Kipuka Ki 4120 ' Summer-dry, freq. pahoehoe-deep . Mixed Metrosideros- Apr.-July + 
low cloud ash Sapindus-koa forest 
14 Strip Rd. 5150' Summer-dry, freq. aa Open Metrosideros- Apr.-July + 
low cloud Sophora-Dodonaea for. 
tXI 
I 
7 Summit Trail 7000' Summer-dry, freq. weathered aa Globous shrub- Dec.-Mar. + w 
1m.; cloud scattered 
Metrosideros 
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Studies on the autecology of two native Ha~vaiian 
tree species along IBP transects 
B-4 
The following two studies on Acacia koa (koa) were initiated particu-
larly because of the interest of the Bishop Estate (a large landholding cor-
poration in Hawaii) in this native tree species. Koa is intended 'for future 
use in Havlaiian forestry. The Bishop Estate, through the efforts of its 
chief forester, Mr. Norman Carlson, has supported this part of our IBP 
studies with additional funding, including the supply of a new jeep vehicle. 
So far, very little information is available on the ecology of koa. 
Therefore, the following tv]O studies on koa growth rates and reproduction 
will be of considerable practical and scientific information value when -
completed. 
A knowledge of koa growth rates in relation to age is important infor-
mation for the tree structural analysis of the Kilauea rain forest (subpro-
ject B-2a). 
The koa reproduction study is done in two IBP study sites, the Mauna 
Loa Transect and the Kilauea rain forest site. Koa regeneration from seed 
was found only in the rain forest (Kilauea IBP study site) and not along 
the Mauna Loa Transect. Here, koa occurs in association with grassland. 
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(a) Koa groHth rates in rel.?tilJn to 
B-4 
G. Spatz 
D. l'~u~ller-DomboiG 
One of the outstanding problems in th~ Gilvicultu~e of tr~pical trees 
is the absence of annual growth !.'ir:gs for det~ro.i::'ling t:rez-age. t~cac~':.<:. l~o::1 
is no exception in this regard. Gro"t'lth rings have bezn detected) but there 
is as yet no information whether these ar~ in fact ~nnual ringG. 
The size' of trees is, of courGe, relate1 to ~ge in some way. Yet, 
other factors, such as site wi~h all its a~vironm~ntal pa=cmeters, biotic 
influences and stocking density may inte;:'::erc. Ilo:'lever, if the latter 
factors are taken into consider.?tion, th~ age IJf c tr2c nay be int3rpreted 
from its size. To achieve such ~n interp~etation, it is necessary to study 
the growth rates of koa in different, uell d::!fine:l habitats, under cO;:J.P",-
ruble stocking densities and absence of intcrfc!:'(-!ncc from bro''lsing. 
Field procedure 
T,\10 montane forest habitats ,Jere selC!cted, th~ ~{ilauea rain forest 
(about 2200 rom annual rainfall) and the .sU'l1c.lI~:":"-cry forcs~ of i(iput-:'l Puaulu 
(about 1500 mm annual rainfall; segment 9, M~unp. Loa ~ransect). 
In each forest a number of ko.q trees Uerf! carefully selected for .:lver-
age stocking density and range in si~e distrihution from small to large. 
Size is measured from height and diAmeter. The koa trees t-Jere divided into 
10 diameter classes. The sma'.lest diameter claGs ranges from 0-1.5 inches, 
the largest from 45 inches tf) ~_nfinite. A n::'nirn.u:'l of 5 trees ~']as selected 
in each diameter class in each locality. Each ~r~~ was labeled and the dia-
meter of ep.ch tree pas measL,-;:.-y1 f)!J.~n a :-no:lth (comm~:lcing mid-manth in Aug-
ust 1971). Th~ ~osition of th~ dia~eter ~~p~ ~as ,eroanently fixed fo: 
each monthly remeasurement by ~~o n~ils at br~est height. The h~ight was 
also remeasured with each diameter r~m~asu~erne:lt. 
Data analysis 
The monthly diameter rneaSL!r~::lents a11m·' complJtation of the monthly dia-
meter increment or grov7th ra~e. A~'::.e:. on!'! ~1~~r: t~~~ pnnual gro~'Jth rate can 
be established. 
From these data it will be pf)ssible ~o cAlculat2 ~he time it takes for 
a koa tree to groH throug1:l er'.ch rJic.mete::- cl.:.~r:. "5'·0,: e:~a"i1p!..e, ,.;rhen a tree 
has gro~'m throug~l the fi:':'!"1t ':hree r1iamet~r cl;:"cces, (\':'!.'"! 0nly has to add 
the time intervals that were required for thin t=ec ~o cchieve this dia-
meter increase. 
Age calculation 
After knm~ing from :.epeaterl height measu:.~~e:lt8 ~he tine it takes for 
a small koa to reach breast height (4.5 £eet~: th~ ag~ of a zero diameter-
at-breast-height (dbh) tree is readily establ~shed. "5'rorn then on, the t1~e 
required for gr~'th through the first dianete:: class into the middle of the 
second diameter cl~~s -;::'·""5 th~ :~e"'.n ::;f~ of: ::' ~.:-S.') 5.n::h -ibh ~r~e. This 
age i5 ~d::lcd to th"! tim~ re,::ui:::--.(; ~o:: r: ':0':-. ~:: ::~le.~: :l1.bi::nr: 'i:v grc~'! through 
half of the third C:i.C.3:J tc de':~,-:[;l~,ne ':h~ "-[;C of ". ::;~5 in-::h tr~e, end so on. 
Preliminary results 
The first fe~': Monthly ':2Gl,"~cu:-e::lJ~·;ts l!r.vc chc:;'j2 thct l;o~. di~:..leter 
grmlth is slm-, in th~ s:'l!1l~_'.:!s':: '::;":1 cl.::!.~~ (0- J.. 5!1) ~ th~r2:'.:::cr: itc gra::th 
rate accelerates r.teepl!" ~,_,:;ti:::il~~. :.L:.::: ",i: ::-.bolt .i.O ~.L,;h,"c dbh. Fro:.) 
that size on up·,N'arda th~ 8::G~]~h ::~::.tc 0:: 1:0::: 11ecre:O.3c:J ~!it!l minute increments 
occurr5.ng after it ha!" :-e:lC~-i,:!G I~O ir:ch:~ dl:'~l. ]0:' ::~l':! l'!:tc:n:,J: to arri'le 
at a reasonable e.ga csti~.:lte o£ 1::::-., ~_t ir. :.r1!,""l!'ta:J.!: tc rcali:::c thnt the 
groHth re.te varies nith ::~1~ :Ji=~ of th-" :rce. :I'h'.':"l:'11 110 .i·~r~ight-lin~ 
relationship bet~Jcer... si~e ?!ld ~3~ .. 
Preliminary re5uL:c .:.:'50 sho~~ t:1c..t t~13 ~~d: [;:-cr:·~th re.te (for ±- 10 :'nch 
dbh trees) in the su:nm~r-dry £o!'cc:': (I~:'~t1::.~ ::".!.:tlllu> in ~bou::' hr.lf that of 
the l~oa growing in ::hr. rr3.r. :r:or,s~: ~I::,:",tlC.': Fo;:e~~: r'.~["'~r.,e). 
It ~10uld be pre:nc~llre tc :?r~sc:lt r',r.:t:ur.1 ~r,,~,:th an~ .~ep. 7alueD at thic 
stage of the rese~rch. !hia will be ~on~ ~f~cr t~~ m~3surements of one 
annual cycle ~re cc,ple:eG. 
• 
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B-4 
(b) Koa reproduction study 
G. Spatz 
D. Mueller-Dombois 
Acacia koa has two means of reproduction, vegetatively from root suck-
ers and sexually from seed. Reproduction from root suckers appears to be 
the only mechanism of koa survival and spread in the mountain parkland and 
savanna ecosystems along the Mauna Loa Transect. In contrast, reproduction 
from seed is the main mechanism of koa maintenance in the Kilauea rain fo-
rest. 
An interesting question relating to ecosystem stability is: What sti-
mulates and maintains koa suckering in the Mauna Loa Transect ecosystems 
and what prevents koa from applying the same vegetative mechanism in the 
rain forest habitat? 
We, therefore, started an investigation into the factors associated 
with these different ecosystems that could be responsible for causing repro-
duction from either seed or root. 
The ecosystem differences expected to be most impor~ant were: 
1. Amount of rain fall 
2. Soil moisture and soil depth 
3. Associated vegetation 
4. Animal influences 
5. Seed availability and viability 
Koa germination study 
Initial efforts went into establishing seed germination tests in the 
three ecosystems: mountain parkland, savanna and rain forest. 
Some information on koa seed germination was previously reported by 
Judd (1920) and Bryan (1929). They found boiling water treatment to be 
a useful method of koa seed scarification. Similarly, Whitesell (1964) 
reported that placing koa seeds in hot water for soaking is a good pre-
treatment for successful germination, but he also stated that seed will 
germinate readily under favorable conditions. These were stated as bare 
mineral soil and exposure to light. But Whitesell also pointed out that 
no specific germination tests were reported so far. Many authors declare 
that koa can never survive in shade (Hall 1904, Hatheway 1952, Russ 1929, 
Judd 1920). 
Areas of about 2 x 2 m were freed from plant cover by scalping and 
the mineral soil was exposed. These test plots are kept free of plants 
throughout the experiment. Thirteen such test plots were established, of 
which four were fenced against goats. The four fenced test plots are in 
the fol1mving locations: 
1. 6650 ft., Mauna Loa Transect, Rain Shelter 
2. 5300 ft., Mauna Loa Transect, Climatic Station 
3. 4200 ft., Mauna Loa Transect, Kipuka Ki 
4. 5400 ft., Kilauea rain forest, Climatic Station 
, 
i· , 
.' 
! 
,,-... ~ --
l~st plots land 2 are in the mountain parkland ecosystem; 
rhe savanna ecosystem, but next to a closed Kipuka forest. 
· .. ,.~··:;ermination plots of the same size were established,each 
.' ,t 2200 feet near Hilina Pali Shelter • 
. ....- ", 
test plot 
Three un-
in site 1, 
:;):h germination test plot \'las divided into 2 halves, one half shm'led 
.•• ~~J mineral soil, the other balf was covered with litter mulch. 
ihe more immediate test questions asked ,Jere: 
1. Which environment is the most favorable? 
2. Does exposure to light influence koa germination? 
3. Does sowing depth influence the germination results? 
4. Does seed origin influence the germination results? 
The four questions could only be answered from the fenced test plots. 
'.' first question was answerable through the four different test plot 10-
.:: tons and environmental records of rainfall, altitudinal temperature and 
11 moisture. Questions 2-4 were answerable from each individual test 
':. ,ot. 
THO hundred seeds were sown in each test plot into equally spaced in-
'i'Jiduai positions. Four sowing depths were used: 0, 1, 3 and 7 cm. Each 
c\..'ing depth Has replicated 5 times ~oJith each 10 seeds. Koa seed was ob-
:llned from 5 locations: (1) Kilauaa forest 5400 feet, (2) Mauna Loa Tran-
.,:ct between 4000-4500 feet, (3) between 4500-5000 feet~ (4) betl~een 5000-
/)0 feet, (5) between 6000-6650 feet (= upper limit of mountain parkland 
.:osystem). Seeds from these 5 different locations were sown in each test 
. '.Jt in 10 rO~ls, each rO\,l containing 10 seeds. Five of the 10 rows were 
~vered with a layer of litter mulch. 
c:'eiiminary results 
Overall germination was rather lmv. The maximum was 10%. 
Table 1 shows that a higher germination and survival occurred in the 
:ccations \<lith greater rainfall, Kilauea forest and Kipuka Ki (Nauna Loa 
.fdnsect, 4200 feet). Upward the transect, germination and survival de-
:reased. No survival occurred at the highest loration (6650 feet, Mauna 
ca Transect). 
Germination occurred in both, uncovered and covered parts of each test 
;:lot. This indicates that light is unimportant for germination. However, 
Jurvival under litter mulch occurred only at one location, in the Kilauea 
cain forest, the moistest location. This indicates that seedling growth 
:hrough litter to reach light must be fast for survival or that litter must 
~2 sha110\v. 
No germination occurred at zero sowing depth in the uncoverd sections. 
best of sm'7ing depths were 3 em and 7 em in the uneoverd sections. In 
the covered sections, the most successful sm,ling depth Vlas at I cm. This 
:,:dicates that soil moisture is very important, perhaps the most important 
[",ctor for koa germination. ;, "",:,1' i t I J I 
," I j 
T.:1~l~ I: Pr~lL~inary results of Koa germination tests 
-----
"---
Germinated seeds surviving sQ~dlings 
tlnCoV2r~d covered uncovered covered 
sc\!ing depth J I 3 7 0 I 3 7 total 0 I 3 7 0 I 3 7 I total: 
uc ~g.ln or: Si~C.:1 
Kilauea forest Reserve 5,400 E~et ele.vation 
:t;:iL~~~a Fore.'lt 
5,4 J'J t • • • • 4 • • 0 3 
4,J-J0-4,500' • I • I 
43 5 J) -5 , .J.)] , 0 • 2 • I 
5,)JJ-6,)Oa' 00 
· . •• 
7 • • • 0 4 
6,0,))' 0 2 • I 
toLd 4 5 3 3 1 16 2 3 2 2 I IJ 
3trip Koad .Sherifer 6,650 feet elevation 
Kilauea Forest 
5,4)0 ' • I ) ~ 
4 , )) J -4 .5 J) • • 2 J ~ 
h.5 )0-5 ,JOO I o. 2 ) 
5,):)0-6,JJJ' · .. 3 0 
6,'));)' • • 2 J 
total I 141 3 2 10 J 
StLip Road 5J2~O feet elevation 
:t;:i1"1t1p.:l ?ore.st 
5,4")0' .. , D • ~ • I 
4,lJ)-!~,5)0' 0 0 
1+ , 5 8 J _ 5 , ) 0 J ' o • ! • 3 • I 
6 I 5,,))0-6,')0) , • •• i • • • • I 0 
6,0\)) I I • 1 
total I f6l: 2 4 I 14 I 2 3 
;,tr.i..p KO<lU :~~,I.::J [,'l!C LLv.tl.lvll 
K i1.1Ue.3 F,;,::es t 
5 ,4J) • • 0 3 • I • 
If, JI)')_lf, 5JO' • 4 o • 0 3 o 0 
4,51,)-5,,)J), 0 0 2 • I 
5 .8):)-6,)OJ' o • 0 9 • • 2 o. · . • 0 
E,:)J)' · . 3 
I 
tot:ll 5 5 6 2 3 21 I~ 4 8 
total 6 tLI Iii 5 13 5 4 61 J 7 :1 2 
1 21 
I j 
~ , 
Survival was best with 63% in the Kilauea rain forest and decreased 
,.keJ ly in the summer-dry climate along the Mauna Loa Transect. Here, 
"~"'i.val Has 38% at 4200 feet (Kipuka 1(i), 21.5% at 5240 feet (Climatic 
'~(ion) and zero at 6650 feet (Mauna Loa rain shelter). This is closely 
.Jted to soil moisture fluctuations, with the greatest soil drying occur-
~t the highest location • 
..... : .. 
~~ origin (Table 2) 
None of the five seed or1g1ns were failures. But the best germination 
.~LJrred from seed collected between 5000-6000 feet along the Mauna Loa 
7:'lr.sect. The second best germination was from Kilauea forest. Thus, seed 
:rcm 5000-6000 feet elevation seemed most vigorous regardless of whether 
,t ,.]as obtained from rain forest koa or from koa growing in summer-dry cli-
,',ite. This would indicate temperature to be more important for seed via-
.llity than rainfall. However, the results are not yet conclusive because 
:~ere may be year to year or individual tree variations. 
The germination and survival experiments will be continued. 
~0a sucker reproduction study 
Five scalped strip plots of about 10 x 1 m were established at 3 loca-
lions (Mauna Loa Transect 6600, 6200, 4000 feet) to study vegetation recov-
c'ry and koa sucker response following ground disturbance. Such disturbances 
.~ccur at many places in the mountain parkland and savanna ecosystems from 
~ig scarification. 
Preliminary results show that in the mountain parkland ecosystem koa 
,Jckering occurs mo!:"e or less continuously Hithout stimulation from ground 
:'r root disturbance. The Mauna Loa exclosure study (see B-la) shows that 
... oa suckers grow profusely at the perimeter of koa stand colonies simply 
:y removing the interference fron goats~ But suckering occurs just as 
:: rofusely under goat feeding pressure with the difference that the suckers 
.:re kept at ground level ~l1ithout a chance to grow into trees. 
In contrast,in the savanna below the mountain parkland, koa suckering 
~0es not seem to occur without stimulation from ground disturbance. One 
Jr the scalped strips in this ecosyste.il showed 2 koa suckers that emerged 
~ecently. A pig-scarified area nearby similarly resulted in koa suckering. 
Tv]O related factors seem responsible for this differential response 
in koa suckering. In the savanne ecosystem, the soil is generally deeper 
[han 1 m. The grass biomass per unit area is much greater here than in 
the mountain parkland. Also, the roots of koa are not forced to grow as 
close to the soil surface as in the mountain parkland~ where soil depth is 
;enerally less than 1 m. 
Therefore, Imv biomass of grass cover and shallow soil depth seem to 
pronote koa suckering. 
However, this correlation does not explain why root suckering is so 
rare in the Kilauea rain forest, "vhere the soil is also shallow and the 
~:er.haceous ground cover almost absent. The k03 suckering study is there-
torE: Con tinued . 
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'fable 2: InfluencB of seed origin 
seeds germinated 
or ig il1 Kilauea Forest Strip Road 6,650' 5,240' 
Kilauea Forest 5,400' 4 I 4 
Strip Road 4,OJO-4,5JO' I 2 
-
---
__ '~._ 0_-
- -
.. -.- -.- -.--
.--'. -' - -- -----~ .. ------ ---
1/ 4,500-5,000' 2 2 3 
-
/I 5,000-6,00J' 7 3 6 
._------_ ... - -'-
/I > 6,:1 00 ' 2 2 I 
- . 
4,200' 
3 
4 
2 
9 
3 . 
total 
12 
7 
9 
2l~ 
8 I 
~ 
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Report on'fern study. R.M. Lloyd 
Four days were spent on the Big Island in order to visit specific areas 
and choose possibJe sites for establishment of permanQnt plots for study. 
(10/31-11/3,1970). The entire area covered included the volcano area, the 
~outhportion of the Chain of Craters RQa.d the the Saddle Road. Four tenta-
tive locations for future work \-1ere selected. It is expected that two 
or three more will be added to this list in the future. Those selected 
are as follows: 
1. IBP study area, about 10 miles north of Volcano 
2. 1955 lava flow in Puna District on highway 13 at road to 
Opihikao 
3. 1750 lava flow on highway 13, 0.85 miles north of intersection 
of routes 13 and 137 (at Kaima) 
4. 1855 lava flow on Saddle Road, 19.8 miles west of intersection 
of routes 19 and 20, on route 20. 
In addition to site visits, spore collections and herbarium voucher 
specimens were taken of 33 individuals, representing the major fern 
species which predominate at each of these locations., These include 
species of Nephrolepis, Sadleria, Polvpodium. Cibotium~ Pteridium. Dicra-
nopteris. Dryopteris, Microsorium, Asplenium. 
In addition, a visit was made to the fumerol area 300 m south 
of Puhimau Crater and a collection of Schizoloma cordatum Gaud, was made. 
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Genecological studies on Hetrosideros. 
B-6 
Carolyn Corn 
G,C •. Ashton 
Branch specimens with ripe capsules are being collected for taxonomic 
identification, seed germination, gel electrophoresis, and progeny tests. 
Collections so far include plants from windward Hawaii, Maui, and Oahu. 
Once the fertile seeds from the collected capsules are given light and 
water, they germinate in 4-6 days. They grow well in diverse substrates, 
such as laterite, sand, tree fern,sphagnum moss, vermiculite and per-
lite. The standard soil substrate being used is 1:1:1 sphagnum moss, 
tree fern, and top soil. The three month old seedlings are growing very 
slowly, and are about an inch in height. They will soon be large enough 
to pluck off leaves for gel electrophoresis tests, and are beginning to 
show individual morphological differences that will be re'corded in the 
progeny tests. 
Germinat ion 
Branches that have ripe unopened capsules are collected from trees 
at different elevations. Then each branch is identified a~cording to 
Rock's revision of the genus. The mature capsules ~n the branches are 
air dried until each capsule splits longitudinally along three carpels 
exposing a multitude of small seeds ranging from 1/2 to 3 rom long. The 
seeds germinate readily when placed on moist filter paper in petri 
dishes with a light source. The percent germination for each plant is 
recorded in figure 1 according to the variety that the seed came from. 
Individual plants of the same variety exhibit a large amount of variation 
in their,germination. For instance, the most collected variety, typica, 
has 0 to 74 percent germination. Average germination is indicated by 
squares, and if additional trees are sampled, average germination per 
variety may be relatively constant. 
In figure 2 the germination of the seeds is plotted according to 
the elevation that they were collected. The dark circles indicate 
wind~Jard Maui and the open circles indicate windward Hawaii (1. e. 
Mauna Loa and the Saddle Road) collections. Percentages can vary greatly 
at one locality, for instance at 4000 feet, 1 to 74 percent germi,nation 
may be found between trees, The reason for the variation is not kno~m, 
although further investigations will possibly show a close correlation 
between the number of flOlvers blooming per unit area and the number of 
viable seeds. Average germination at each elevation is indicated by 
squares. These averages may be smoothed out by using more trees, at 
± 1000 feet elevation from those recorded in the graph. This gives a 
rather flat line that dips at the upper and lower elevations. 
The genus survives from an area just behind the salt spray zone at 
sea level to 8300 feet on Mauna Loa. Although more samples will have 
to be otbained from the extreme elevations, the data in figure 2 indicats 
that ~Jetrosidero_f! is less able to produce numerous offspring at the ex-
treme localities of the Kau Desert (200 1 ) and upper Mauna Loa (7500' to 
8300'). These areas seem to be marginal spots where the genus is just 
able to survive and produce a few flmvers and viable seeds a year. Pre-
cipitation is reco~ded as 30 to 40 inches a year with an unrecorded amount 
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83 
of dew formation and drip at night. Both areas have very little cloud 
cover and large daily tempemture fluctuations. Very few birds frequent 
the·se areas and strong >-7inds are common. Here Netrosideros is the 
only surviving tree species with individuals spaced from 20 to 1500 
feet apart. 
PG)ll inat ion 
Pollen is found frequently on the stigmas of Metrosideros flowers, 
yet few observations have been made on how the pollen travels from 
anther to stigma. Various bird and insects visit the blossoms. Unfor-
tunately in many areas new introduced insects and birds are taking over 
the pollinating role. For instance, the introduced honeybee Ap,is melli-
fica is now the chief pollinator on Oahu and many parts of the outer is-
land's. This makes observations of i~portant nat ive pollinators difficult. 
Also, many spots in the mature forests are hard to observe since the blos-
soms are high off tr.e ground with tree fern fronds blocking one 1 s vision. 
Therefore, my preliminary observations are largely from lava flow areas 
and ridges where the trees are small and accessible. 
On the island of Hawaii very few introduced honeybees are seen along 
the Chain ~f Craters Road and Neuna Loa Strip Road. This makes it a 
good spot for pollination studies. At the two extreme Metrosideros lo-
calities, Kau Desert and upper Hauna Loa, very little bird activity is 
seen. A native bee'(NesonTosopis sp.) gathers nectar in these areas from 
various flowering species. T-lhen the bee lands on a Hetrosideros blossom 
it either lands on the stamens and moves down the style or perches on 
the side of the flower and probes into the flower's base without rubbing 
against the anthers. Each floliler has a bee visiting it every few minutes 
when there is clear sky and not too strong a wind. None of the native 
bees collected had visible pollen attached to their bodies. When these 
same plants are checked for seed germination they range from 0 to 6 per-· 
cent germination. These factors indicate that these bees are not ef-
fectively pollinating these plants. 
On the Palikea-r1auna Kapu Ridge of the Ttlaianae t>1ountains in Oahu 
a native wasp, Pol:f.stes exclamans, is seen visiting r'Ietrosideros blossoms 
only on mornings that have full sunlight before 11 AN. The same plants 
are frequented by the introduced honeybee which also visits these blos-
soms. However, the honeybee accumulates pollen as tllell as nectar. The 
honeybee's surface area is covered v,ith pollen and is undoubtedly a far 
rnore effective pollinator than the wasp visitor. On each trip the honey-
bee moves from flower to flower en the same tree rarely viSiting nearby 
trees. The honeybee's behavior of gathering food from a profusely flo-
wering tree probably is resulting i~ a large amount of inbreeding in these 
oh1a trees. Before the arrival of these honeybees in 1857, a large amount 
of flower visits are attributed to the Ha"73i.ian honeycreepers which move 
froln tree to tree gathering food, thereby increasing the chances of out-
crossing in the trees they visit. In fact, the honeybee appears,to be 
so effective in its ability to obtain nectar and pollen j it may be rob-
bing the honeycreepers of their food and causing them to decrease in 
number. 
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A small amount of pollination may be occurring by wind. The pollen 
is very sticky which would indicate that it is not wind blown. However, 
the absence of insect and bird pollinators in extreme elevations; wind 
causing closely associated flowers to rub together; and the fact that 
some fertile seeds are being set (0 to 6 percent); makes one suspect 
that wind plays a small part in the flower's pollination. 
If one puts a pollination bag over an inflorescence of buds, no 
seeds are produced. Also, if the flower is de-staminated and bagged, 
no seeds are produced. These experiments, plus the fact that a varia-
ble percent germination takes place from one tree to the next (0 to 74 
percent), makes me suspect that there is little or no apomixes occurring 
in the genus. 
The timing of maturity of the male and female parts plays an im-
portant role in the outcrossing of the plant. The stamens and styles 
are positioned in a way that the stamens mature first, then the style 
elongates and matures slightly below, at the same height, or slightly 
above the anthers. This variation in stylar to stamen length gives the 
plant elasticity in pollination behavior. In good weather the stamens 
are intact at the time of stylar maturity, although if the weather is 
rainy the stamens falloff sooner. 
Birds are pr.obably the most important factor in Netrosidero$ polli-
nation within the rainforests. However, no direct observations can be 
cited yet. 
Techniques are presently being worked out for pre~erving fresh pollen 
by freezing techniques for later crosses. Also preliminary crosses are 
being made to establish the exact timing of stamen to styler maturity. 
Once these techniques are established, crosses between various varieties 
will begin. 
Tran~plants and clones 
A techniq~ is being sought whereby each variety can be reproduced 
vegetatively md planted in a common environment with other varieties. 
However, the genus is difficult to root. Normal horticultural rooting 
techniques using branches do not work. Also air layering induces callous 
formation with no root formation. Chemicals, including anti-auxins, are 
being tried to induce this callous tissue into root formation. 
Metrosideros trees of 35 to 40 feet in height were burned by fire 
resulting from new lava flows in August. Foresters fighting the fire 
described the fire as burning along the ground in Andropogon grass then 
burning up through the occasional trees. A month later the capsules on 
these trees had dried and split open with the wind actively dispersing 
the seeds onto the cooling lava. However, no seed germination Has ob-
tained when the mature capsules from three burned plants were collected 
from 3 to 5 feet off the ground. The fire on and next to the lava flow 
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r,vas probably too hot. Seed introductions' that will serve as pioneer plants 
on the lava flow will have to be made from a greater distance away from 
the flow or from a later crop of seeds produced from those trees that 
recover from the fire. 
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First activity report on algae study. M. Doty 
I. Two field trips to'the major transect area involving six man days' 
time have been made. In addition major collaborators, ~., 
Drs. Malcolm Brown and I.A. Abbott, have inspected the Park 
area in order to better devise their possible roles. 
11. The initial taxonomic'work is underway. It was initiated by col-
lection and processing of 60 trappings spaced from +50 feet 
elevation (the bluff edge) to +6500 feet elevation (upper end 
of Mauna Loa Truck Trail), several months apart and from the 
initial 30 of. which 41 separate unialgal cultures have been made. 
Preparations are completed for making another similar lot of 
isolates from the trappings made on the second field trip. 
, I 
This work is expected to be completed next yearm collaboration 
with Dr. Malcolm Brown who spent,~ day in the Park and several 
days in Honolulu making arrangements for this work. This en-
-tailed a special trip to Hawaii by Dr. Brown at no expense to 
the Hawaii lBP. 
III. The techniques for quantitative sampling of the algal communities 
are being assembled. A sonicator has been obtained for this 
purpose (it arrived 3.XlI. 70), and experiments on trapping have 
led to the second trapping being conducted with much improved 
results. Further developmental' studies are currently underway. 
Two graduate students may become involved in this; at least they 
have shown an interest in beginning next semester. A third 
student is expected to begin next summer. 
IV. Planning with Dr. Brown and the graduate students has led to com-
piling the following budget for our needs du~ing 1971-72. 
(see "Second-year budget ") 
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B-8 
Progress report on roles of fungi. Gladys E. Baker. 
Ecnlogical roles of fungi 
In the original proposal the principal investigators emphasized the 
unique character of the biota in the Hawaiian Archipelago, the islands 
baving served as an area of "spectacular evolution under extreme isola-
tion il (p. 1, Abstract). They further note that Hawaiian endemic forms 
are unable apparently to compete and survive under the circumstances of 
current conditions (increased human population, introduced plants and 
animals), and that we should understand the original native environment 
in order to use it wisely and preserve it. Toward this end 4 common 
objectives were given for a number of investigators concerned vlitlh dif-
ferent disciplines including mycology (B-8). 
To fit mycology into this program more pertinently some rearrangement 
of ideas expres·sed in B-8 is necessary, for this statement was prepared 
while Dr. Baker was on sabbatical leave. Fungi by virture of their con-
stant adaptability, ability to survive for long periods of inactivity, 
and ease of dissemination do not necessarily provide the best material 
for a study of speciation and rate of evolution. Finding endemic fungi 
probably depends on demonstrating their dependence on other endemic or-
ganisms. Their role in stabilizing or contributing to fragility of eco-
systems is important, as stated in B-8, but if based on parasitism will 
be difficult to demonstrate unless this is evidence for epiphytotics. A 
study of parasitism is properly the province of plant pathologists, and 
it is suggested that such an extension of this program be made sometime. 
Variat ion and differences in fungal populations can be us ed as in-
dicators for significant trends in the vegetation cover. Among the mat)y 
fungal habitats related to the vegetation, the phyllosphere and rhizosphere 
are probably the most important as these would display the closest asso-
ciation with the plants. Air mycota, soil mycota and fungi of the litter 
zone must be considered but possibly only as contri.butors to' the major 
populations. In any of these populations it is important to evaluate the 
members as permanent (living and active) and as transitory species. Soil 
fungi fluctuate between these two states depending on nutrients available. 
Those of the litter zone exhibit succession correlated with decay, Phyl-
losphere fungi show succession correlating with senescence. 
Since very little data is available, the program will start with the 
selection of sites and suitable endemic plants. Comparative studies of 
the mycota in the phyllosphere and rhizoaphere will be in order then for 
populations characteristic of the endemic plants with those of introduced 
plants and those in areas exhibiting change in the vegetation cover (cut-
over areas, e.g.). 
These studies begin officially January 1, 1971, with the appointm~nt 
of Mr. B.K.H. Lee as research assistant. A "head stare' has already been 
made. Mr. Lee accompanied Dr. Mueller-Dombois and his group to the is-
land of Hawaii September 24-25, 1970. He used Plot 1, Kilauea Forest 
for samples of soil, litter, dead wood, fern rhizome and living leaves 
.. 
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of Cheirodendron sp., Acacia~, Metrosideros Spa To date, results 
of analyses show a higher number of species in the soil, but a much 
more unique mycota in the phyllosphere population. 
Since the initiation of this program Dr. Goos has left the Univer-
sity of Hawaii. Therefore, a second research assistant is requested for 
the seond year as the volome of work involved is too much for one to 
accomplish successfully. 
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Progress report on Diptera project. 
C-l 
D. Elmo Hardy 
M~D. Delfinado 
Because of the shortage of funds this project has been limited to 
a study of Diptera breeding in fresh water habitats. These environments 
are extremely important in gaining an understanding of the evolutionary 
development of the Hawaiian biota. Many remarkable groups of flies have 
speciated in aquatic habitats and we feel it will be possible to chart 
their evolutionary development from the primitive marine forms to those 
which are now restricted to special niches in fresh water streams. 
One graduate stu,dent, Joaquin Tenorio, is aSSigned to this project 
and is using part of the study for his Ph.D. thesis. He is doing a 
biosystematic study of the Hawaii Ephydridae and has conducted intensive 
surveys of these flies throughout the Islands (partially supported by 
IBP). Knowledge gained from these studies should be especially useful 
for evolutionary studies since a number of endemic species have developed 
in freshwater and show obvious relationships to marine species. These 
flies have adapted to a wide assortme~ of freshwater habitats and have 
apparently remained remarkably stable compared ot other Diptera, such 
as Canaceidae which have "invaded" the fresh water streams from the ocean 
and have speciated by Islands and in some cases by streams in special 
niches in fast flowing water. 
Mr. Tenorio has now recorded 43 species of Ephydridae in Hawaii. 
He has biological data on approximately half of these and has done de-
tailed biological studies on most of the endemic species. The systematic 
studies will be incorporated as a chapter in the Insects of Hawaii, vol. 
13 Diptera Acalyptratae which is now being prepared. 
Under IBP support a survey of the faunas of streams in the Kohala 
mountains and the Wailuku river, Mauna Kea, Hawaii was made. This was 
to compare the faunas of streams flowing off the Kohala Mte. (overland 
streams) with a stream which results from seepage from the rainforest 
on the mountain (Mauna Kea). 
This survey gave much valuable data, we found seven families of flies, 
represented by at least 17 species living in close assocmtion in the 
fast flowing water and obtained biological data on ca. eight species 
belonging in three families. Two of the genera, Telmatogeton Schiner 
and Procanace Hendel (Chironomidae' and Ephydridae) are maritime breeders 
in other parts of the world; living on wave swept rocks along rough sea-
coasts over much of the world. In Hawaii these have invaded fresh water, 
~~ve adapted to breeding in fast flowing streams and are very restricted 
in distribution and habitat. 
The Chironomidae are known to have polytene chromosomes so the ~­
matogeton should be excellent for genetic studies and it is anticipated 
that-- studies of the aquatic Diptera should be extremely importa:l t in 
gaining an understanding of speciation. Preliminary investigation of 
Neoscatella (Ephydridae) indicate tq.at th~se have good metaphase chromo-
somes and genetic technics may be useful in working out the evolutionary 
development of this group. 
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~reliminary surveys of the aquatic flies have now been conducted 
on all Of the islands. Now we need to do specific habifat studies in 
as many of the streams as possible. Techniques need to be worked out 
for rearing as many of the species as possible. A simulated fast flow-
ing stream habitat has been constructed in the laboratory and it is hoped 
that we may be successful in bringing materials in from the field and 
rearing species under laboratory conditions. 
We have found to date eight famiHes and at least 30 species of flies 
associated with fresh water streams in Hawaii. Most of these are native 
and at least half are undescribed. The ~eliminary studies have provided 
data concerning habimand biologies of many of these and much of the 
ground work has now been laid for doing genetic; and other refined stu-
dies, involving the aquatic Diptera. 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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C .. l 
Progress report on Sciaridae project. H.A. Steffan 
One field trip was taken to the Kilauea Porest Reserve study site. 
The primary purpose of this first trip was to survey the study site in 
order to determine which sample techniques would be feasible for popu-
lation studies of Sciaridae. 
Four sampling' techniques were used and the results from each are 
listed below. 
1. The Malaise Trap; since it was up continuously, has yielded the 
largest number of species and specimens. The first week about 70 Sciari-
dae were collected, the second week about 80, and the third and fourth 
lveeks combined about 400. Only the first collection has been identified • 
and yielded the following specimens. 
a) Sciara hoyti (Hardy) 
b) Spathobdella setigera Hardy 
c) Ctenosciara hawaiiensis (Hardy) 
d) New species #2 (unplaced) 
2. The CDC Miniature Light Traps were set up both in the Kilauea 
Study Site and in Bird Park. Fewer specimens were taken but they 't .. ere 
alive and could be used in the genetic studies. Bradvsia n. sp. #4 
was taken in both areas along with other nematocerous Diptera. 
3. The most productive for short sample periods and the most suit-
able for the conditions found in the Kilauea StuGy Site was a I-meter square 
of unbleached muslin placed on various substrates for 1-2 hours. One 
sheet yielded over 30 live adults of the 3 species listed below. Note 
that Hypel'lasion magnesensoria has not been collected in the Malaise Trap. 
a) Sciara hovti Hardy 
b) Hyperlasion magnesensoria (Hardy) 
c) Spathobdella setigera Hardy 
4. Sweeping yielded only two species, one of which has not been 
collected as yet by any other method. 
a) Ctenosciara hawaiiensis (Hardy) 
b) New species #1 (unplaced) 
Laboratory studies have involved culturing as many of the Hawaiian 
Sciaridae as possible and have been very successful. The following 
species have been successfully reared for at least one full generation: 
1. ,!3radvsia radicuum (Brunetti) 
2. Bradysia spatitergum (Hardy) 
3. Bradysia tritici (Coquillett) 
4. Bradvsi~ impatiens (Johannsen) 
5 •. Rradysia n. sp. ifo4 
6. Sciara molokaiensis Hardy 
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7. Scatcpsciara nigrita Hardy 
8. Lycoriel1a n. sp. #1 
9. ~vccriel1a n. sp. #2 
10. Plastosciara brevicolcorata Hardy 
11. Plastosciara sp. 
12. Scvthropochroa n. sp. #1 
13. Hyperlasion magnesensoria Hardy 
Co11abo~ation with other invesigators has been very satisfactory 
and includes the fo110\<7ing participants: 
1. Dr. G.E. Baker has agreed to identify the fun.gi associated 
with Sciaridae. 
2. Dr. Y.K. Paik plans to do population studies of Bradvsia 
impatiens and Bradvsia tritici. 
3. Mr. William Steiner will use the Hawaiian Sciaridae for 
his graduate studies. This will involve biochemical 
techniques similar to those used by Johnson in his study 
of Drosophila esterases. 
4.· Dr. D.E. Hardy's Drosophila group has provided several 
collections of Sciaridae from their field collections. 
- - -
5. I1r. W.C. Gagne has also provided a large collection of 
Sciaridae from his field collections. 
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Tnterim report, fieldwork on Big Island. J.L. Gressitt 
21-22 Nov. participated in general surveys in parts of the Mauna Loa 
transect. 
21 Nov., Plot 32. Sparse Metrosideros on old ala-pahoehoe areas at 180m. 
Marked trees by Lamoureux, Nishida-Haramoto. Lower Chain of 
Craters Road, below lava. 
Under bark: silver fish (Thysanura) - 2 adults; some young seen 
centipede (Scolopendra ? spinipes) - 2 adults 
geckos (dark brown) - 2 
Plot S. Naulu Forest, 1550 rn. 
Diospvros (dead) trunk: Lepidopt. larva borers (several) 
Metrosideros (un. bark): Millipede - 1 
Centipede (Scolopendra ?spinipes) - 1 
small cockroach - 1 
red prostigmatic mite - 2 
(on bark): gecko (black) - 1 
coc~roach parasite' (Ampulex) -' 1 
Al~urites (on bl. buds): small coccinellids (2) 
Cocculus (Menispermac.): leaf-miner in leaves'·- mod. abundant 
Plot 33. Below Naulu, mod. sparse MetrosiderQ2-QIospvros forest','~30~ 
Metrosideros stems: scale insect (wax scale) 
Kipuka Ki. Plot 39. l260m. 
Acacia koa: dead fallen branches on road; kept in box at Hdq. 
house for redring: contain Diptera and Coleoptera larvae; 
case-bearing (flat) Lepidoptera larvae; minute adult beetle 
(?Cucuj idae). 
22 Nov. Park headquarters vicinity: medium-sized spider on ohia. 
Hilina Pali Road near Chain of Craters Road: psyllid in ohia 
leaf galls abundant 
"Hot epot" off Chain of Craters Road: Medium large spid~r,on fringe 
Isopod 11 
small moths (2 spp.) near 
center, flying 
23, 25 Nov. in Kilauea Forest Reserve study area beyond weather station 
(lower). (24 Nov. spent on reconnaissance with Bianchi in Ku-
lani Prison area; climbed Kulani Cone tower for view of Kilauea 
Forest Reserve and environs; went to bulldozed areas, including 
Twin craters with silted unique lake, etc.; also Army nerve 
gas experimental area in forest reserve). 
Study area: Set up an additional [1a1 a1se trap inside forest, at edge 
of first study quadrat. 
Set up 13 sets of attractant logs for cerambycid project along marked 
(blue) route into study area~ (12 sets of 3 each: koa, ohia & 
naio=Myoporum). 
No. Left or Right 
of track 
1 R 
2 L 
3 L 
4 overhead 
5 R 
6 R 
7 L 
(50 m or more 
ribbons) 
8 L 
9 R 
10 R 
11 L 
12 R 
13 L 
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Situation Bait ( fl3" = koa, ohia & naio) 
Elevated horizontal 10g-
branch, 10m ex "road" 
before large Mal. trap 
On old slender stump 
On tree fern 
Hanging on dead ?ohia 
on fallen small koa 
on large horizontal log & 
3 
3 
3 
3 
3 
roots across track 3 
Tree fern 3 
gap; then small Malaise trap; then first orange 
Slender tree, left of track 3 
Hanging from leaning Cheirodendron 3 
On leaning Cheirorlendron 3 
Upper branch of log with blue and 
orange ribbons on log 3 
On Cheirodendr(1n with small-
koa tree 3 
On horizontal log with blue & 
orange ri~bons hanging koa & naio only 
Rearing: A large carton of n~io (~opor~) branches was sealed up for 
rearing adult;;:, in garsge at house in park. 
Mau! 1. 
On 27 November, search was made for cerambycid larvae in Vaccinium and 
Stvphel~~ on the slope of Ha·leaka-la, just below Park boundary. Evi-
dence of old, suspected, cera~~ycid borings were found in Styphelia. 
No records exist for these hosts on Maui. One carton each of trunks 
were set up for rearing adults and left in Haiku. 
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Communication letter to Park Superintendent on 
Acacia psyllid infestation, Mauna Loa transect. 
C-3 
C.J. Davis 
While on an 1. B. P. field trip on the HfLUna Loa Strip, 22 July 1970, 
we stopped at the Kipuka Kulalio portion of the I.B.P. transect at 
approximately 1645 meters. 
An extremely heavy infestation of the Acacia psyllid, Psylla ~­
catoides was observed on Acacia ~~, the first record of this pest in 
Hawaii Volcanoes National Park. It was doing extensive damage to the 
terminal growth of koa and I considered it serious enough to warrant 
weekly observations. 
I discussed this pest with your personnel and made arrangements 
for our, Hawaii Resident Entomologist, E mest Yoshioka, to make these' 
observations. This has been accomplished and on a visit to this local-, 
ity on ~8 August, we were pleased to note almost complete recovery from 
this pest. Psyllid pnpulations were lO'tv but what effect this residual', 
population will have on new terminal growth remains to be seen. 
Would it be possible for your staff to make periodic observations 
and report findings to our Survey Entomologist, Kenneth Kawamura, State 
Department of Agriculture, Entomology Branch, P.O. Box 5425, Honolulu, 
Hawaii 96814? 
It is possible that natural enemies of -E. uncatoides are holding 
it in check on the Mauna Loa Strip and may be responsible for the koa 
recovery noted. 'He have some evidence of this but I do not have a com-
plete report from Ernest Yoshioka of my Hilo staff. 
The Acacia psyllid was first discovered on Oahu in 1966 and has 
since spread to Kauai, Maul and Hawaii. It was first observed on the 
Big Island at Kawaihae Uka, Kohala District on Acacia koaia, a rare 
tree, in March of this year. 
For further information see report of Beardsley (C-5). 
dated September 1, 1970. 
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W. Gagne 
Proposed sampling program for rBP transects 
The purposes of the sampling techniques outlined below are firstly, 
some of those in conjunction with Objective 1 (Speciation) for (a) esti-
mates of the numbers and variation in numbers of each species at all 
defined locations, leading to a dynamic assessment of speciating a~d 
non-speciating organisms, such that possible contrasts in seasonal or 
other types of population size variation may be detected and (b) the study 
of corepetition for discerning elements of competition between species. 
For Objective 2 (Stability and fragility) some of these would be (a) a 
quantitative assessment of population sizes and (b) for the assignment 
of the structural position of some Heteroptera within each ecosystem. 
along the transects. In the coorse of achieving these objectives the 
raw data for Objective 3 (Biomathematical rehtionships) would be provided. 
. , 
It is proposed that the sampling procedure for the Kilauea koa for-
est to be part of an integrated sampling program on the 2 ecological 
dominants (ohia and koa) in the Mauna Loa and ~illuna Kea transects. Sam-
pling stations will be established in adjacent ohia "and koa stands located 
on lava substrates of different ages such that there will be a cross-
section of communities from those newly established on young lava to ap-
parent climax communities. Approximately 5 sites for each spec1es will 
be selected corresponding roughly to establishment on new substrate, tran-
sitional (trees approximately 5 years old and 1 m or higher), canopy 
closure, young forest and climax forest. 
The arthropod fauna will be sampled by spraying tte foliage with in-
secticide and catching the falling arthropods in cloth funnels suspended 
beneath the trees. A pyrethrin spray, synergized with piperonyl butoxide 
will be used to provide very fast knockdo~qn with minimal residual effect. 
The spray will be applied with a gasoline powered, hydraulic sprayer to 
thoroughly wet the foliage, 
The shape and size of the" sampling funnels will vary according to 
the size of the trees to be sampled. In tre transitional stages where 
the branches of the trees are near the ground, a flat sheet approximately 
3m2 will be used. Ropes will be passed through the perimeter of the sheet 
and fastened to the trunks. In the closed canopy and young forest stages 
where the lower branches are several meters above the ground, a funnel 
3m2 x 1m deep will be fastened to the trunks of 4 trees selected such 
that roughly a fo~rth" of the crown of each tree will extend over the 
funnel. Thus each funnel will sample 4 quarters and a complete sample 
in each stand of these 2 species will consist of approximately 4 funnels 
in each s~and such that a fourth of each of 16 trees respectively, will 
be sampled. In the oldest stages (climax forest) the funnels used will 
be 6m2 and about 2m deep. These will be attached between 6 trees such 
that 3 will be on each of 2 sides to provide the same relative sample 
as thet taken in the younger stands. 
Sampling will be carried out once a month at each site throughout 
the year and the same tree will never be sampled more than once a }~ar. 
" I 
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The spray will be applied at da~m before substantial insect act ivity is 
underway. Large plant fragments and debris dislodged will be removed 
before the catch is emptied into covered plastic trays for preliminary 
sorting at the lab. During the first phase of sorting, specimens to be 
dry mounted~ pinned and etc. for identificatinn will be immediately re-
moved and the rest of the sample will be preserved in IsO-Carnoy such that 
a record of the chromosome content of tt-e sample ''1ill be obtained for stu-
dies such as the genetic polymorphism and population genetics of the spe-
cies obtained, to "kill ttvo birds with one stone" so to speak. As a 
refer~ncec9l1ection is assembled, the need to specially treat unknown 
species will decrease. 
Estimates of san pling error will periodically be made by plastic 
packaging samples in the field and fumigating them in the lab to provide, 
by extrapolation some idea of the amount of th~ sample missed and the 
type of organisms being overlooked because of the sessile habits or whatever • 
• Seedling and root sprouting koa and ohia too small to be sampled 
effectively by the spray te~hnique outline~ above, will be examined vi-
sually. Those individuals touching a line 100 m long across the sampling 
area will be so examined and every 10th individual will. be uprooted for 
lab examination of internal root and stem borers, and etc. 
To obtain comparative estimates of the insect activity ,vithin and 
into the Kilauea koa stand, l1alaise traps will be erected at the edges 
of the virgin and logged for~sts and within each. 
Exclusion cages will be assembled in each of the communities. In 
this \,yay the insect community can be removed manually or with the non-
residual spray and the dominant phytophages and their predators and para-
sites can be introduced into the cages in various combinations to gain 
some numerical assessment of the population dynamics of the phytophages 
alone and in combination ~dth their suspected controlling agent(s) -
for example, the introduced koa psy1lid and its suspected mirid predator, 
a Psallus species, together and separately. 
Wherever possible the sampling stations will be established in con-
junction with a weather station to maintain correlation with the clima-
tic parameters. Also for comparative purposes, initially a set of koa 
and ohia sampling stations will be established at roughly the same al-
titude on the transect on the \vind~7ard face. It is anticipated that as 
the program expands and more help is budgeted that a number of such sam-
pling stations will be similarly established throughout both the Mauna 
Loa and Mauna Kea transects, but with close attention being paid to the 
physical limits of the operation of a great number of sampling stations. 
Perhaps, initially, it will be sufficient to set up sampling stations 
at elevations comparable to the Kilauea koa forest on both transects. 
To this sampling proposal I am attaching a preliminary list of the 
Heteroptera (true bugs) whic occur or which there is good reason for ex-
pecting them to occur in the two Big Island transects. I would have liked 
to have compiled a list of all the insects in these ttvo transects but the 
task is too immense for one person alone to attempt. It is hoped that each 
of the entomological investigators will compile such a list for his respect~ 
ive group so that we have at least the rudiments of the fauna that can be 
expected to be encountered in the course of this sampling program. 
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List of Insects Occurring in Big Island Transects 
TAXON 
HETEROPTERA 
Plata~pidae 
*Coptosoma xanthograrrma 
Cynidae 
*Geotornus pvgmaeus 
*Rhvtidoporus indentatus 
Pentatomidae 
Oechalia acuta 
Q. bryani 
Q. ferruginea 
Q. grisea 
Q. hirtipes 
Q. koanohi 
Q. Racifica 
Scutelleridae 
Coleotichus blackburniae 
RhopaUdae 
Ithamar hawaiiensis 
Liorhyssus hyalinus 
Lygaeidae 
*Geocoris pallens 
Metrarga ~ 
Neseis (Trachvnvsius) 2. 
ochraisis 
N. (1:.) Q. maculiceps 
N. (I·) i. fasciatus 
N. (1.) hiloensis 
~C!.) nitidus comitans 
N. cr.) n. pipturi 
li. CI..) saudersianus 
!I. CI..) whitei 
Nes.ocymus calvus 
Nesomartis psarr~ophila 
Nysius beards levi 
B. blackburni 
!. communis 
!I .. deletulus 
(continued, next page) 
TlLANSECT 
Nauna 
Kea 
x 
x 
X 
X 
x 
x 
x 
x 
x 
X 
(X) 
x 
X 
X 
(X) 
tX) 
x 
x 
X 
~Iauna 
Loa 
x 
x 
x 
X 
x 
x 
X 
X 
X 
X 
X 
X 
X 
x 
x 
X 
X 
X 
X 
X 
X 
X 
X 
(X) 
X 
X 
x 
BIOLOGY & COMMENTS 
Phyt. l Legumes: Canvalia, 
Strongvlodon, Erythrina 
Terrestrial, among grasses 
" " 
3 Pred. Lepidoptera larvae 
on many hosts. 
ditto,espc. on Sophora 
and r1etrosideros 
dit~o,up to 4000' 
" 
II 
" 
known. 
As for acuta. 
"" II 
,Metros ideros 
,No host phv.-t 
Grass feeding 
Hvoporum, QQ&c~~<2A-
Phyt. Acacia ~ 
Phyt. Chenopodium, ~. 
Phyt. No hosts recorded 
Pred. on terrestrial 'insect~ 
Phyt. Seeds of Freycinetia 
Phyt. Seeds of SORhora & Pe}e.CL-
Phyt. Seeds of Sophora 
Phyt. Seeds of Rubiaceae 
Phyt. Seeds of PiptUTUS 
Phyt. Seeds of Pipturus 
Phyt. Seeds of Pipturus 
Phyt. Seeds of Urera J Sapind1.\S 
Phyt. Seeds of ? 
Phyt. Seeds of Carex 
Phyt. Seeds of Eragrostis 
Phyt. Seeds of Do~ 
Phyt. Seeds of Arnaran t hu.s .• 
Sophora,Dubaut ia ,Cler/'2lU..icL 
Phyt. Seeds of numerous hos' 
Phyt. Seeds of Dubautia scabrt<..-
,N. kinbergi 
,N. mauiensis 
J:!. JDontivagus 
.N- lichenicola 
N. longicollis 
!. delectus 
N coenosnlus 
E. rubescens 
!!. terrestris 
Ocean ides brxani 
£. nimbatus 
O. nubicola 
O. pteridicola 
O. vulcan 
*Pachybrachius nigriceps 
*P. pacificus 
Tingidae 
*Teleonemia scupulosa 
*T. vanduzeei 
Reduviidae-
*Empiocoris rubromaculatus 
E. whitei 
Nesidiolestes insularis 
*Ploiaria insolida 
*Zelus renardi 
Nabidae 
Nabis blackburni 
*!!. capsiformi? 
N. curtipennis 
N. innotatus 
N. kahavalu 
N. kaonohuila 
N. koelensis 
N. lusciosus 
N. oscillans 
!!. pele 
N. subrufus 
N. tarai 
li. vulcanicola 
Anthocoridae 
Lasiochilus denigratus 
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TRA...'lSECT 
Manna Mauna BIOLOGY & COMMENTS 
Kea Loa 
- (X) X Phyt. Seeds of Erigeron 
X Phyt. Seeds of ? 
X Phyt. Seeds of ? 
X Phyt. Seeds of Sragrostis 
X Phyt. Seeds of ? 
X Phyt. Seeds of many hosts. 
X (X) Phyt. Seeds of Stvohelia 
X Phyt. Seeds of ? 
(X) (X) Phyt. Seeds of Argvroxiphium, 
~,Hikstroemia,Hibiscus, 
Dubautia,Styphelia,Sophora, 
Portulaca 
X X Phyt. Seeds of Euphorbia, 
Psychotria 
(X) X Phyt. Seeds of Vaccinium 
(and others) 
X Phyt. Seeds of Mvoporum 
X X Phyt. Seeds of Metrosideros 
X Phyt. Seeds of ? 
X . X Phyt. 3eeds of Lvthrum 
X . X . Phyt. Seeds of grasses 
x X Phyt. Sap of Lantana carnarft 
X X Phyt. Sap of Lantana camara 
(X) 
(X) 
(X) 
(X) 
(X) 
X 
X 
X 
(X) 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
X 
X 
x 
X 
X 
X 
X 
X 
Fred. on many arthropods 
" " 
" 
II 
" 
" 
" 
" 
" 
" 
11 
" 
fI 
II 
" 
" 
" 
" 
'I 
" 
" 
fI 
" 
" 
II 
" 
" 
" 
" 
" 
" 
Pred. on ~8ny arthropods; on 
Antidesma,Cibo~ium)CoEro~~a 
I 
I 
I 
I 
I 
I 
I 
I 
I 
f-
TAXON 
Lasiochilus montivagus 
Grius per seQuens 
Physopleurella mundula 
Xylocoris sp. 
Miridae 
*Fulvius variegatus 
*Hvalopeolus pellucidus 
Kamehameha lEnalilo 
Koanoa hawaiiensis 
Nesidiorchestes n. spp. 
Nesiomiris hawaiiensis 
l!. n. spp. 
Orthotylus spp. 
Psallus iolan! 
f.. kanakanus 
!. kassandra 
f. kirkaldyi 
Pseudoclerada kilaueae 
,!. morai 
*Rhinocloa forticornis 
Sarona adonias 
.§.. n. spp. 
Sulamita dryas 
.Q. ).unalilo 
~. n. spp. 
Trigonotvlus (hawaiiensis) 
Veliidae 
*Microvelia vagans 
Hebridae 
*~ragata hebroides 
Saldidae 
Saldula oahuensis 
Saldula sp. 
Corixidae 
*Trichocor!xa reticulata 
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TR.I\NSECT 
Nauna 
Kea 
x 
x 
X 
(X) 
X 
X 
X 
(X) 
x 
X 
X 
(X) 
X 
x 
X 
X 
X 
x 
X 
(X) 
X 
X 
Mauna 
Loa 
X 
X 
X 
(X) 
X 
X 
X 
X 
x 
X 
X 
x 
x 
X 
X 
X 
(X) 
X 
X 
X 
X 
X 
X 
X 
X 
x 
X 
X 
x 
BIOLOGY & COMMENTS 
Pred. on 
" 
many arthropods 
bolous 
Pred. on 
" ; hemimeta-
insects on many pla~ 
many arthropods II 
,I in Chenopodj<-lrYl
l 
" " 
Phyt. many plants (Dodonea) 
Pred.? predominately on ferns 
Pred. on many arhtropods, some 
under bark 
Pred.? predominately in leaf 
litter 
Phyt. sap of ~ anomala 
Phyt. sap ~f native Araliaceae 
Phyt. sap of many native plant. 
particularly Rubiaceae, Pip-
turus, Sophora 
(1Gen arthropod predator, host 
specific) 
If 
" 
" 
If 
" 
n 
(?Gen arthropod predator, moss) 
trunks of native plants 
" 
If 
III 
I 
I 
I 
I 
I 
I 
\ 
°1 
I 
I 
I 
I 
Gen. arthropod predator on native, 
& introduced plants 
Phyt. sap of Metrosideros 
Phyt. sap of Pipturus,Pelea, 
N:voEorum 
Phyt. sap of ? 
Phyt. sap of Freycinetia,Fagara 
Phyt. sap of seve other native 
plants 
Phyt. sap of native grasses 
Pred. arthropods on surface of 
pools and streams 
" 
II 
Fred. on arthropods along streau 
Pred. on arthropods on mossy 
tree trunks in rain forest 
Phyt. qn aquatic algae 
1 
2 
3 
Introduced or probably so. 
Phytophagous. 
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Bracketed material indicates probaollity of being so indicated. 
Predaceous. 
. , 
, 
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Progress report on effects of sap-sucking 
Hemoptera on Hawaiian ecosystems. 
C-5 
J.~-l. Beardsley 
Since -;vork on this research topic was init iated during June 1970, 
we have concentrated on the ecology and population dynamics of Homoptera 
which feed on Acacia koa, particularly the Acacia psyllid, Psylla~­
toides (Ferris and Klyver). Most of the~rk was conducted on the Mauna 
Loa transect in Hawaii Volcanoes National Park. Some supplementary ob-
servations were made in the Koolau Mountains on Oahu. 
Psylla uncatoides is a recent accidental introduction into the Ha-
waiian Islands. It was first discovered on Oahu in 1966 and on Hawaii 
in Mar.,1970. Very heavy populations have been observed on Acacia species, 
including the endemic &.~. The recent advent of this insect in Hawaii 
and its potential for developing large and damaging populat~ons appear 
to make this species an ideal subject for a study of the impact of an 
introduced ~rganism on an important element of the endemic biota. 
Three sampling sites were selected in the Koa-savannah and mountain 
parkland sections of the transect, at altitudes qf 4,300 ft., ~,300 ft. 
and 6,600 ft. respectively. The'upper site is at the upper limit of kea 
growth in this region. Samples of koa terminals were taken at each sam-
ple site at intervals of approximately six weeks, beginning on July 22. 
As the koa psyllid breeds only on young phyllodes and juvenile foliage, 
the outerfuur inches of twigs with young leaves was selected as the 
sampling unit. Ten randomly selected terminals were bagged and cut at 
each sample site, and brought to Honolulu, where all stages of psyllids, 
as well as other insects, were counted. 
Results 
At the time of the·· initial survey field trip on July 22, koa psyllid 
populations were extremely high at all three sites. Although only three 
samples were actually collected and counted at that time,these averaged 
about 43 adults, 227 ny,mphs and 419 eggs per sample. These populations 
appeared to represent an initial population explosion of the psyll1d 
following its invasion of the Island of Hawaii. By August 26, when the 
first complete sampling was made, popUlations had declined drastically. 
At this time virtually all koa twigs exhibited a dieback of the terminal 
three to six inches, which is believed to have been caused by psyllid 
feeding during the initial outbreak. Two subsequent samples taken on 
October 7 and November 16 respectively, showed a moderate to slight re-
surgence of psyllid populations on new growth put forth following the 
initial dieback. It is of interest that this resurgence of psyllid po-
pulations was greatest at the highest site (6,600 feet) and least at the 
lowest site (4,300 feet). To date these resurgent populations -have re-
mained at a relatively low level, approximately 1/5 to 1/30 of the out-
break levels observed in July. 
No evidence of insect parasites of the psyllid was found. A number 
of predator species were found feeding on psyllid eggs and nymphs. These 
included h.rvae of several introduced and endemic species of Neuroptera, 
and larvae and adults of one introduced coccinellid beetle. These species 
have been identified, bu-t we are not yet able to evaluate their effectiveness. 
I· 
I 
I 
I 
I 
I 
I 
I 
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Progress report on faunal research on 
Metrosideros. 
C-6 
T. Nishida 
F.ll. Haramoto 
L. Nakahara 
Studies to date have been limited to working out sampling methods 
and .to the selection of san:pUng sites so that the desired information 
on the fauna of Metrosideros could be obtained most efficiently and eco-
nomically. Various extraction methods such as washing, beating, brushing, 
and flotation have been tried, but extraction by means of Tullgren fun-
nels has proven most fruitful in sampling most of the arthropods that 
live on the aerial parts of ~etrosideros. A battery of 30 Tu11gren fun-
nels was assembled and used to extract the arth ropods from Metrosideros 
twig and bark samples collected on November 21-22, 1970 from six plots 
located at different elevations on the southeast slope of Hauna Loa on 
Hawaii. 
A twig samPle consisted of 10 terminal branches per tree and three 
such samples were taken from each plot. A bark sample cons~sted of about 
200 gm of material scraped from the trunk per tree and three such samples 
were taken from each plot. Each sample was placed in .a Tullgren funnel 
and allowed to dry undeka 40-Watt electric bulb for four days. The bark 
and twig samples were collected from one variety of Metrosid~, M. £Q1-
lina var. incanna, from each of the six sampling sites on a transect 
600, 1700, 3600, 3800, 4000, and 7000 feet above sea level on the south-
east slope of Mauna Loa. Examination of some of the extracts of the Tull-
·gren funnels has revealed that there exists a rich fauna of arhtropods 
on the aerial parts of Metrosideros. For example, from one of the bark 
samples obtained from a tree at 3700 ft. elevation 773 specimens of arthro-
pods representing at least 30 different species were extracted. Among 
the most numerous of the arhtropods were mites of the suborder Crypto-
stigmata. Of the total arthropods, 631 of them were cryptostigmatic mites 
of the families Nanhermanniidae, Achipteriidae, Euphthiracaridae, Phthira-
caridae, GalutIlIlidae, Cerotizetidae, and Trhypochthoniidae. From the twig 
sample from the same tree , 138 specimens of arthropods were extracted 
and once again mites made up more than 50% of the fauna. Of particular 
interest was the presence of so many cryptostigmat1c mites so high up 
in the tree. These mites are normally soil-inhabiting organisms. 
Most of the species extracted from the bark anq twig samples were 
not pests of Metrosideros but were species normally found in close 
association with lichens,mosses, and fungi. The more important phytopha-
gous arthropods found feeding directly on !>Ietrosideros were mealybugs, 
eriophyid mites, and gall-forming psyllids. Another interesting group 
of arthropods that occurred in large numbers was the predaceous mites 
and insects. 
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Progress report on soil and duff inhabiting 
arthropods and vertebrate parasites. _ 
A. Soil and Duff 
1. Field studies and collections 
C-9(1) 
F.J. Radovsky 
Field work was conducted on the island of Ha~aii on 14-18 June 
(F.J. Radovsky and M.L. Goff), 2l~22 July (F.J.R., IBP Orientation trip), 
and 19-22 October (M.L.G.), of 1970. A total of 87 samples were taken, 
principally on'or near the Nauna Loa transect from 3280 to 8200 ft. 
(1000-2500 m) and the Mauna Kea transect from 460 to 9250 ft. (140-2820 m). 
Hherever possible, these were associated with transect zones, dominants 
in the vegetational community, and plants,forming the duff samples taken. 
Most samples were duff or soft humus. Hhen_we begin sampling deeper 
zones and primarily mineral soils, it may be necessary to -use flotation. 
and/or agitation techniques, in addition to Berlese funnels, f~r recovery 
of art hropods • 
Collections made from fumaroles have yielded mites and ins~cts. 
Collembola were recovered from a sample for which an in ~ temperature 
of 78°C was recorded wfrh a mercury bulb thermometer. It is essential 
that we obtain equipment to provide accurate point source measurements 
of sample tempeTatures for future studies. 
2., Processing and identification 
All collected samples have been extracted in ~erlese funnels. 
The funnels have smooth flat inner surfaces and drying was by equilibra-
tion 't-lith room atmosphere with moderate RH, rather than by a heat source. 
Both factors tend to increase the percentage of arthropod recovery. 
Arhtropods were sorted into general groups (Mesostigmata, Oribatei, Co-
leoptera, Collemboh, other apterygotes, etc.). Oribatei, forming a major 
component of the fauna, have been forwarded to Dr. Sengbusch. Other 
Acar:f:oa are being mounted at the Bish op Huseum. Prelimi.n~:;:y sorting to 
family en d in some cases to genus has been started. I 
Contacting ~ther specialists was delayed because of the absence 
of Radovsky in September_and October on overseas work, but this will be 
recommenced immediately. 
B. Parasites of Vertebrates 
1. Field studies and collections 
Vertebrates were collected for parasite recovery on the 14-18 
June and 19-22 October trips referred to above. Mammals collected were 
~ musculE~ (11), Rattus rattus (7), R. norvegicus (9), lie e~~lans (15), 
and Herpestes auropunctatus (3). In addition to brushing for ectopara-
sites, a part of each series of hosts was washed individually in detergent 
solution; this technique yields fur mites, and other parasites when present, 
that ere usually missed by brushing. 
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A permit has been obtained from the Division ef Fish and Game 
to collect Hawaiian land birds, including small numbers of the 3 common-
est endemic drepanids and the one endemic flycatcher. Collecting will 
be done in an area outside Volcanoes National Park. Dr. Berger loaned 
us approximately 15 specimens of endemic birds in liquid preservative. 
At least 3 species of feather mites and 1 species of nasal mites were 
obtained from them. Six bird nests just collected on Hawaii and Oahu 
within a few days of being vitcated and 6 others that had been held for 
several weeks or months, including several of native birds, were processed 
in Berlese funnels and a number of parasites recovered. 
2. Processing and identification 
All of the collected parasites have been sorted and series 
mounted. These have been id2nti,fied to family and the species from en-
demic birds to genus or species. 
Plan of next tV'Ork ' C-9(2) 
Arthropod fauna of soil and duff; parasites of vertebrates 
Qualitative and quantitative studies will be conducted on the arthro-
pod faunal composition of soil and duff, in relatior:to substrate type, 
vegetational origin and association, age, altitude, proximity and micro-
climatic influence of volcanic activity, etc. While comparative cata 
will be obtained from other islands and areas, the main emphasis will 
be on the established transects on tbe island of Hawaii. This will per-
mit maximum utilization of data obtained by others in interpreting re-
sults and will provide information of most use to investigators working 
on other pc.ases of the, project, including synthesis of general conclu-
sions. Becacse the habitat has received little atter.tion in t:'1C past, 
condder3.bie effort initially will be directed to't17ard ~\~p"15tative sam-
pl!~e 3nd baoic systematic studies. The collabor3tio~ ~~ m~cy special-
ist.; ,,!U1 be.i' . ."eded to carry out this primary phase. Tb. '""-",--911 ob-
jecl::'.-lB!J are to obtain knowledge of (1) species composit:i.o:J. o~ arthropods 
associated with different soils and leaf litters in Haw"ail; (2) succes-
sion of arthropods in soils of volcanic origin, relative to species re-
quirements and effect of arthropods on the substrate; (3) extremes of 
temperature tolerance among arthropods colonizing substrates influenced 
by volcanic activity (fumaroles, etc.); (4) evolution of selected groups 
in the archipelago; (5) physical and biotic factors influencing habitat 
specificity; (6) respective roles of specificity and natural barriers 
in isolation and speciation. These objectives closely correlate with 
the 4 principal objectiv~of the Hawaii Subprogram. 
The basis for the second part of this project, concerning parasites 
of vertebrates, was outlined in the original proposal (C-9). Arthropod 
parasites will be emphasized, and other parasites will be collected in 
conjunction with research projects of col\aborating scientists (Gordon 
Wallace on Toxoplasma, J. Frankel on Sarcocystis, at present). 
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Th~se 2 subjects are combiped bec~use they can be most conveniently 
administered as a "single pr"oject and because combined field l-JOrk is 
practical. Collection of vertebrat~s, removal of parasites, and preparing 
vertebrates for identification and permanent reference requires consider-
able effort in the field. Collection of soil and duff samples for Ber-
lese extraction can 'be done in a relatively short time, even when it is 
essential that quantities be determined, precise collection data recorded, 
and physical p~rameters rneaGured •. Extraction of arthropod$ from nests 
can be carried out "7ith the same techniques used on soil samples. Sort-
ing and processing of arthropods from soil or from vertebrate hosts in-
volves the same or similar methods. Some of the participating special-
ists, particularly for /,carina, work on both free-living and parasit~c 
groups. 
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D-l 
Report on IEP field trips to HmV'aii. A.J. Berger 
This report covers the two trips I have made on the IBP project 
since its funding last June. I took part in the general survey led by 
Mueller-Dombois on July' 21-24, and with the smaller group on Nov. 20-22,1970. 
The birds of Volcanoes National Park are relatively well known be-
cause of the work done there by Paul Baldwin, William Dunmire, and other 
park naturalists during the past 30 years. There have been some notable 
changes in numbers and species of birds between 1940 and 1970, but there 
have been few census studies published during the past decade. Some of 
the rarer species found in the 1940's apparently no longer occur in the 
Park. 
As for the transects and study plots ,"ithin Volcanoes Park, very 
few native birds are found as high as 8,000 feet. I saw three Hawaii 
Amakihi (Loxops virens) at 8,000 feet on July 22, 1970, but at that ti~e 
of year, the birds very likely were merely moving through the area. Don 
Reeser and Patrick Cros land of· the Park Service and ~Hnston Banko of the 
Rare and Endangered Species Program reported tha~ in the past, they 
had seen the Hawaiian Thrush at elevations between 7,000 and 9,000 feet 
on the trail to the summit of Mauna Loa. I neither saw nor heard any 
thrushes on July 22, 1970. Two introduced species of birds (Japanese 
White-eye and Red-billed Leiothrix) occur from below Park Headquarters 
(3,800 feet)' to at least 7,500 feet elevation. 
The prime habitat for native birds within the Volcanoes National 
Park is in the vicinity of Thurston Lava Tube and similar high-rain areas. 
The number of native birds drops off rapidly as soon as one passes through 
the transition area between the rain forest (e,g., at Thurston Lava Tube) 
and the summer dry area (e.g., the 1938 "hotspot" region). I saw only 
tHO species of native birds (Apapane and Amakihi) in that area on Nov. 
22, 1970. 
The Hawaii Amakihi has the widest range of any native'bird species 
within the Park. I have found it at elevations from 8,000 feet do,voward 
to about 1,800 feet at the Naulu picnic area on the Chain of Craters Road. 
Paul Baldwin did his Ph.D. thesis on the three most common drepanids 
(Apapane, Iiwi, and Amakihi) in Volcanoes National Park. Although it 
Ylould, of course, be possible to do furt~ r y70rk on these three species 
within the Park, there are far more challenging and important studies that 
should be made on the breeding biology and the ecological relationships 
of the endemic birds in areas outside of the Park, on Maui and on Kauai. 
The Kilauea Forest Reserve (Bishop Estate Land) is one of the finest 
native forests I have seen on the Big Island, and, in my opinion, every-
thing possible should be done to preserve it intact. Whether or not this 
proves to be possible, the area should be studied intensively, according 
to plans of Mueller-Dombois. The period from July to November is the poor-
est ti~~ of the year to study the endemic birds, especially with regards 
to obtaining fairly accurate census data. I intend, therefore, to devote 
considerable energy in this area with my Research Assistant during Jan-
uary through June. 
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Despite the fact that many endemic birds apparently are in the post-
breeding, molting period during the general period from July to November, 
a large number of thrushes was singing in this forest on July 23 and on 
November 20, 1970. This forest undoubtedly supports as high a concentratinn 
of thrushes as any other area in Hmvaii. Elepaio, Apapane, and Amakihi 
also are present in good numbers. Thus far I have seen two species of 
introduced birds in the Kilauea Forest Reserve: Hhite-eye and Leiothrix, 
and! have .found nests of both species there. 
A surprising discovery on November 21, 1970, was the sighting of a sin-
gle Cattle Egret along the Chain of Craters Road at an elevation of about 
900 feet. 
Field trips during the coming months should provide more, precise infor-
mation on population sizes within the study plots and undoubtedly will 
reveal the p~esence of other species of native birds. 
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Preliminary Status of Native Birds, Kilauea Koa Forest,l 
Kau District, Island of. Hawaii 
(List compiled by Winston Banko, Biologist, Hawaii National Park, 
1. Hawaiian Hawk (Buteo solitarius) 
D .. l 
Oct.1970) 
Founo only on Island or Hawaii. Popula tions are apparently 
declining. Resident in Kilauea Koa Forest, but rare. Species 
listed as endangered by U.S. Departme~ of Interior. 
2. Hawaii Thrush (Phaeornis obscurus obscurus) 
Found only on 'Islnd of Hawaii where a widespre·ad population exists. 
In Kilauea Koa Forest it is locally abundant in undisturbed areas, 
common to rare elsewhere. 
3. Hawaii Elepaio (Chasiempis sandwichensis sandwichensis) 
Found only on Island of Hawaii where populations are wide-
spread. In Kilauea Koa Forest this race is locally abundant 
in undisturbed areas, common to rare elsewhere. 
4. Hawaii 0-0 (~ nobilis) 
Formerly found only Island of Hawaii. Now thought extinct. Once 
presumably reside.nt in Kilauea Koa Forest. 
5. Hawaii ~makihi (Loxops virens virens) 
Found only on Island of Hawaii where populations are widespread. 
In·Kilauea Koa Forest, Hawaii Amakihis are locally abundant in 
some areas, common to rare elsewhere. 
6. Hawaii Creeper (Loxops maculata ~) 
Found on Island of Hawaii where status is unclear. Resident 
in Kilauea Koa Forest. This bird is a potential candidate for 
U,S.D.I. 's list of endangered speci.es. 
7. Hawaii Akepa (Loxops coccinea coccinea) 
Found only on Island of Hawaii. Populations apparently declining. 
Resident in Kilauea Koa Forest. Hawaii Akepa is included in 
proposed revision of U,S.D.I. 's list of endangered species. 
8. Hawaii Akialoa (Hemignathus obscurus obscurus) 
Formerly found only on the Island of Hawaii. Now thought extinct. 
Once resident in Kilauea Koa Forest. 
9. Akiopolaau (Hemignathus wilsoni) 
Found only on the Island of Ha'to7Bii. Once abundant and widespread. 
Resident in Kilauea Koa Forest, but rare. Listed by U.S.D.I. 
as. an endangered species. 
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10. Ou (Psittirostra psittacea) 
Once common on all the major islands. Now found rarely only 
on Kauai and Hawaii. Formerly in Kilauea Koa Forest where cur-
rent status is uncertain. Listed by U.S.D.I. as an endangered 
species. 
11. Greater Koa finch (Psittirostra palmeri) 
Formerly found only on the Island of Hawaii. Now thought extinct. 
Once resident in Kilauea Koa Forest. 
12. Apapane (Himatione sanguinea sanguinea) 
Formerly very abundant on all major islands •. Now absent from 
Lanai and rare on Molokai. The most numerous bird in 
Kilauea Koa Forest today. 
r 
13. Iiwi (Vestiaria coccinea) 
Formerly found on all major islands, now apparently extinct 
on Molokai and Lanai. Widespread though not abundant resi-
dent of Kilauea Koa Forest. 
14. Mamo (Drepanis pacifica) 
Formerly found only on Island of Hawaii. Now thought extinct. 
Once presumably resident in Kilauea Koa Forest. 
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M. D. Delfinado 
D. E. Hardy 
The results of the preliminary survey of the insect communities on 
the Wailuku River, Hawaii, indicate that 3 aquatic dipterous genera 
(Telmato eton, Chironomidae; Procanace, Canaceidae; Neoscatella, 
Ephydridae will provide excellent groups of animals for testing the 
hypotheses put forward in Hawaii IBP objectives 1-4. These groups are 
the major components in rapids and waterfalls in Hawaiian streams. We 
have sampled the major streams on Hawaii, Maui, Oahu, and Kauai and have 
obtained considerable biological data on these flies. In other parts of 
the world these are found almost exclusively in the intertidal zone of 
rocky seacoasts and estuaries. 
The Telmatogeton group is a pleisiomorph (primitive) aggregate with 
unknown relationships but the immatures indicate relationship with the 
Diamesinae. It has its main center in the Pacific, but is world-wide in 
distribution and comprises 5 genera and 30 species. Two genera are 
present in Hawaii with 5 species confined to rapid mountain streams and 
3 in intertidal zone. Interestingly, Brundin (1966) advanced a theory 
that chironomid evolution started in cool mountain streams, and that the 
adaptations of the ancestral forms (such as, the Telmatogeton group 
found in Hawaii) to strong current was a prerequisite for the entrance 
of at least two groups into another major adaptive zone, i.e., the 
marine environment. It is possible though that the situation, based on 
morphological and ecological evidences, is reversed in Hawaii. 
Procanace, or beach flies, have many aspects of the distribution 
and ecology which parallel those of those of the Telmatogeton. About 
50 species are known around the world with the greatest development in 
the Pacific. Eleven freshwater and one estuary species are found in 
Hawaii. Both groups (Telmatogeton and Procanace) show adaptations of 
behavior rather than structure. They are numerous in swift current 
where they have an ample food and oxygen supply. They have avoided the 
dangers of shifting bottom, hence, the selection of stable substrata. 
Drought or low water has catastrophic effect on the immatures because 
it causes decomposition of algae which may produce a lowering of the 
oxygen concentration. 
Of the dipterous families, the Ephydridae, shore flies or brine 
flies, are most abundant. There were not only more ephydrid species, 
but greater numbers of individuals than in the other groups. The 
ephydrids are widely distributed; they inhabit a wide range of aquatic 
and semi-aquatic habitats; and they are unusually tolerant of adverse 
physical and chemical conditions. 
We are convinced that the Hawaiian chironomid midges and beach or 
shore flies will provide excellent groups for evolutionary studies 
because of their diversity and marked ability to survive in small niches 
over prolonged environmental stress, and they should be studied within 
the framework of the IBP. 
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Plan of Work: 
The plan of work for next year will be a continuation of the 
ecological studies of the Diptera with emphasis upon the flies which 
develop in soil and litter at Transects 1 & 2 on Mauna Loa (Memo -
December 20, 1971); and cytological studies of the endemic species of 
Telmatogeton (Chironomidae) to attempt to trace the origin and 
evolutionary development of the freshwater Hawaiian species. We also 
plan to do further investigations of other groups of native flies 
which may be of use in evolutionary studies. 
Personnel 
M. D. Delfinado • Department of Entomology 
D. E. Hardy - Department of Entomology 
H. L. Carson - Department of Genetics 
L. Newman - Department of Biology, Portland State College 
(1) Graduate Assistant in Entomology 
Study Site 
Transect Profiles 1 & 2, Mauna Loa. 
Ecological Studies 
Our preliminary investigations have made it obvious that many of 
the acalyptrate, and other flies go through their immature stages in 
the litter and soil. Except for studies of Drosophilidae breeding in 
rotting leaves, stems of fruits, etc., of certain native plants by 
Dr. W. B. Heed, no studies of the biology and ecology of the flies 
living in this habitat have been made in Hawaii, and at present it is 
impossible to associate immature stages with the adults or to make 
species or group identifications. The extraction technics by Berlese-
Tullgren funnels now being used for sampling soil and litter inhabiting 
arthropods and the pit trap technics provide little information on the 
flies. Diptera larvae and pupae dessicate very rapidly and will not 
pass through the extractors; the only satisfactory method of recovery 
is by handsorting and by rearing. 
We have adopted the Heed (1968) technic for rearing drosophilids 
from litter samples as described in our memo of December 20, 1971. 
Earlier samples have been collected at Kipuka Puau1u (segment 8) and 
Kilauea Forest (segment 11) on Transect 2, and for comparative purposes, 
further samples were collected in Olaa Forest and Kipuka 4140 on Saddle 
Road. It is planned that the extensive survey of the soil and litter 
larvae with greater emphasis on the flies will be made at different 
segments on Transects 1 & 2. 
11.3 
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A half-time graduate assistant will be needed to help with the 
field sampling, to service the emergence cans, do sorting and help with 
the identification of species. 
Evolutionary Studies 
A. Preliminary cytological studies made by Dr. H. L. Carson and 
assistants on Telmatogeton larvae from Hawaii revealed that these have 
extraordinarily large and favorable salivary gland chromosomes. Other 
preliminary orcein smears were made on specimens collected in various 
streams on Hawaii, Oahu, and Kauai and the preliminary results are most 
exciting. The larvae can be readily obtained and it is possible that 
technics can be worked out so they can be reared in the laboratory. 
These flies should be ideal for genetic studies; and, with data provided 
by comparison of the chromosomes, behavior, and biology, we should be 
able to determine the origin of the freshwater species and trace the 
evolution of the Hawaiian species from the marine habitat. It is 
planned that Dr. Lester J. Newman, Portland State College, will be 
brought to Hawaii to spend approximately 6 months studying the 
chromosome variations and evolutionary development of the Hawaiian 
Telmatogeton. Dr. Newman has had considerable experience in cytogenetics 
of freshwater Diptera (Simuliidae) and should be able to make very 
important contributions to our understanding of evolutionary processes. 
B. A most unusual situation has recently been discovered 
regarding a complex of agromyzid leaf miners which infest the leaves 
of an assortment of native plants. Dr. O. H. Swezey, during his 
lifetime of work on insects attacking native trees in Hawaii (1954, 
Forest Entomology in Hawaii), recorded finding agromyzid leaf miners 
attacking eight different genera of native plants. Because of the 
very high parasitism rate, however, he was never able to rear any 
adults. We have since been able to obtain adults from most of the hosts 
recorded by Swezey and have accumulated a large series of specimens by 
various collecting technics (including sweeping and Malaise Trap catches 
in the Kilauea forest, etc.). These are Liriomyza and according to 
Dr. K. Spencer, London (the world authority on Agromyzidae), all of our 
specimens fit the taxonomic concept of ~. langei Frick, from western 
America. Yet the populations we rear from various hosts and obtain 
from various island habitats show great variations in color markings 
and size. Over the world, members of this genus are notoriously host 
specific and if they follow the usual pattern of speciation we should 
have a complex of species associated with our native plants. It is 
apparent that the ancestor of these populations reached Hawaii from the 
West Coast rather recently (geologically) and we are witnessing the 
beginning of speciation. This is the only known example of this 
phenomenon and our situation offers unusual opportunities for studying 
changes leading to species differences. Dr. Spencer has indicated, 
"It looks to me very much as though some complex speCiation may have 
taken place from an original population of langei which reached Hawaii 
from either North or South America early in the island I s history." 
1:14 
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We need careful biological data on these populations before a better 
understanding can be had. 
We will continue to gather data on these flies and will solicit 
the help of all IBP investigators to be on the outlook for mined 
leaves. We hope a way will be worked out to bring Dr. Spencer here to 
assist us with this study. 
Significance and Relation to other Projects 
These studies will augment the work we are doing on the 
systematics of Hawaiian Diptera. Volume 13, dealing with the 
acalyptrate flies other than Drosophilidae is nearly completed, except 
for the illustrations and we are now working on volume 14 which treats 
the calyptrate flies. This will complete the volumes dealing with the 
adult flies and these works will provide the needed background informa-
tion for ecological, evolutionary or other studies involving flies 
(the Evolution and Genetics of Hawaiian Drosophilidae project was made 
possible by the publication of volume 12 of the "Insects of Hawaii" 
which treated this family). 
The Diptera are closely associated with native plants for breeding, 
feeding, resting, courtship and mating, etc., and many of them are no 
doubt essential for pollination. Some are borers in leaves and stems, 
many are scavengers, and many are predacious upon other animals in the 
habitat. Two of the major groups of native Hawaiian Diptera, the 
Dolichopodidae (presently 225 known species and estimated 400+) and the 
muscid genus Lispocephala (estimated 100 spp.) are predators. They 
feed upon a wide assortment of arthropods and obviously play an 
important part in the environment. Our litter-soil and other substrate 
studies should provide interaction data which will be directly 
applicable to other studies of the invertebrates which are being 
carried out. 
The native flies serve as an important food source of many of the 
native birds and a knowledge of this fauna will be useful to the 
ornithological studies. 
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Progress report on the ecology- of Hawaiia.n Sclaridae. 
Three Nalaise traps have been set up in the study sites 
on Hawaii, two in the Kilauea Forest Rese~le and one at the 
weather station near the J.1auna Loa Strip Road.. Trap 1 ~fas set 
up Oc-tober 26 J 1970 J on the logging road at the edge of the 
Kilauea study s1. ta and ''Tas removed l.farch 21, 1971. Trap 2 was 
set up December 7, 1970, near the beginning of Plot 1 in the 
Kilauea Forest Reserve study s1 te. Trap 3 ''las set up January 
18, 1971, near the weather station on the l·!auna Loa Strip Road 
study site. Traps 2 and 3 will be removed at the end of Janu-
ary, 1972. All of these traps are at the same elevation and 
were initially sampled at 'Vreekly intervals; ater July 5, 1971, 
they were sampled on alternate weeks only. 
The Malaise traps have been so productive in their yield 
of Sciaridae that it has been impossible to identify all of 
the species collected with the present technical assistance 
available. This resulted in the decision to sample on alternate 
weeks only a~d terminate the two remaining sampling stations 
after obtaining a ·one year sample from each site. 
Based on the material processed to date Sciaridae form an 
unexpectantly large percentage of the arthropod fauna taken in 
the traps. This has not been the case in l·!alaise trap samples 
taken on the ·other islands, 1.n 1:!(Hf Guinea or in North America. 
Of the feH collections completely analyzed, Sciaridae represent 
from 27% to 85% of all arthropods collected (in numbers of 
specimens) • During the rainy season environmen tal conditions 
seem to be extremely favorable resulting in-fantastic population 
explosions of certain species, i. e. Ctenosciarn ha~milensis 
(Hardy), Snathobdella setip;era Hardy a:na: Brady:sia new species # - ! 5. ' 
Oomparison of the catches of the ti<10 traps in the Kilauea 
Forest Reserve (Table 1 ) shows that \"Tith minor exceptions, both 
traps collected the ~ame species. The three species u~unlly 
oo11ected, in order of their abunda.nce, 'Nere 8radysia # 5, 
Sciara' hoyti Hardy and G..!ien~sciara hm<Tuiiensis (Hardy). The 
other four species listed in Table 1 were rare. Generally the 
collections of the three CO!!rIDOn species ;,'lere hie:.her in Trap 2. (Fig 
Comparison of the results obtained -to date ';olould indicate that, 
for general survey purposes, one or two sample sites would be 
sufficient. Sti..,cky traps \'1ill probably be used to sample at 
the major releves on the transects beine; sampled by other 
investiGators. -
l{uch more strikir.!; differences, both in maGui tude of 
population fluctuations and species diversity, are found 
betwean the Kilauea Forest Reserve and the Hauna Loa study sites 
(Table 2, Fig- 2). Seven species species were collected in 
Kilauea Forest Reserve versus 11 at the !-'i,auna J.tO,a Strip Road 
si te. The creater di versi ty of spe c1 es at the 11auna Loa s1 te 
could probably be explalned by the greater plant diversity. 
Other investigators, except the ;Q,!'asophila investigators, have 
found similar differences in specIes diversity betw'een the 
two sites. The four most common species, in order of their 
abundance, i'Tere Spathabdella setigera, Ctenosciara ha\'raiiensis. 
Brad;ys1a .11 5 and Sciara h2yti:-
Ctenosciara hawaiiensis is the only species which has been 
identified from ail the collections; it is the only species 
which a technician can easily recognize. This species was 
approximately ten times more abundant at the Mauna Loa site. 
This difference can possibly be explained by the apparently 
greater volume of Koa on the ground at the !-launa Loa site. 
Ctenosciara hawaiiensis has frequently been reared from rotting 
Koa, plus from Metrosideros, Frclcinetia and several other 
rotting woods. 
The population fluctuations of Ctenosciara ha"rTaiiensis 
seem to be closely correlated to rain"fall (Fig. 2). The peak 
population of this species (February 22) occurred four weeks 
after the highest '\'1eekly rainfall (February l). This corresponds 
roughly with the generation tixr.s of this species in the labora-
tory (see beloll). The other peaks of population size also 
are correlated to previous highs in weekly rainfall totals. 
The ecological aspects of this study were stressed during 
the second year of this program in order to fit in better with 
the overall goals of the Island Ecosystems IRP. The thi~d 
year \fill be devoted to surveys and ecological studies along 
the transects and initiation of stUdies of spercatogenes1s. 
Collaboration 'Hi th other investigators includes identi-
fication of Sciaridae collected by Gagne, Gressitt, Howarth 
and Radovsky. Dr~ G. B. Baker has identified some of the 
fungi associated I'd th Sciaridae .1·11'0 if. Steiner has agreed 
to do electrophoretic analysis on selected specieso 
"Two of the species mentioned above have been reared in 
the laboratory. Sciara hgz.ti is fairly easy to rear and has 
now been in culture for 12 generations~ Each generation (from 
oviposition to adult emergence) takes about 30-31 days (range 
26-36) at a constant temperature of ?Ooc. Otenosciara hawaiiensis 
is more difficult to maintain in culture. Each generation takes 
a.bout 231 .. 31., days. T,'lclve other Ha"laiian speCies have been 
reared in the laboratory, but could not be ~uintained because 
of shortage of technical assistance. 
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A report on the biology and ecology of Ctcnosciara hawaiiens1s 
1ncludin3 descriptions of the immuture st~geso.nd spermatogenesis 
is being prepared as well as descriptions of new species of Sciaridac 
collected for this study. Other publications in ur07ress include 
ecoloGical studies of Sciara hayti, Spathobde:la ieiir;era and 
BradysH?! neV.' species :¥ 5. Ifhe first t,·w publications wIIl pro-
bably be submitted during the spring of 1972 
Oomputerization of data will begin during the spring of 1972. 
A system for input and retrieval of collectton and ecological 
data is being studied i-ri th collaboration from entomologists and 
statisticians on the mainland U. S. and Dr. 11i of our subprogram. 
The only signiflcnnt changes in the budget include the 
addition of another technician to process the tremendous mass 
of material being collected by myself and others. The camera 
is requested for photographing various parts of sciarids for 
descriptions of nelT species involved in -the study. This method 
"lould be much less expensive and less time constur.ing than hiring 
and training an illustrator. 
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Table 1. Species of Sciaridae (Diptera) Collect"ed in Malaise Traps in the Kilauea 
Forest Reserve and Their Relative Abundance. 
Trap 1 Trap 2 
Species ~resence 
i 
Abundance 1 Presence Abundance 1 
1. hoyti + 53 + 128 
2. hawaiiensis + 13 + 108 
3. Erominens + 1 + 7 
4. setigera 2 0 0 
5. Bradysia #5 + 125 + 367 
6~ magnisensoria 2 0 0 
7. Bradysia 117 0 + 2 
1 Total number of specimens collected in a 6-weck period. 
2 One specimen of each species was collected during an earlier sampling period • 
. " 
-Table 2. Comparison of Species Collecte4 in Halaise Traps in the Kilauea Forest 
Reserve and Mauna Loa Strip Road Study Sites. 
Trap 2 (KFR) Trap 3 (MLSR) 
Abundance 1 Species Presence Presence Abundance 
1. hoyti + 128 + 94 
2. hawaiiensis + 108 + 608 
3. prominens + 1 + 1 
4. setigera 0 + 1,485 
5. Bradysia 115 + 367 + 112 
6. magnisensoria 0 0 
1. Bradysia In + 2 0 
8. Lycoriella #9 0 + 14 
9. Bradysia 1110 0 + 4 
10. Bradysia #11 0 + 9 
11. Bradysia IH2 0 + 1 
12,_ Unp laced 0 + 1 
" 13. Unplaced 0 + 2 
1 Total number of specimens collected during a 6-week period. 
2 Total nllmber of specimens collected during a 3-wcek period. 
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Fig. 1. Comparison of weekly Malaise trap collections at two sites 
in Kilauea Forest Reserve. 
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Fig. 2. Comparison of Q. hnwfli!snllin collected in Malaise trnps at 
KilaueQ ForenC Reserve ('frap 2) and Mauna Loa Strip Rond (Trap 3) 
correlated with rainfall data from Mauna Loa Strip Road • 
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Interim report on Cera~bycid-beetle project J.1.. Gressitt 
Biolo,-:y: Data are being accumulated on several species in the stud.y 
8.1'2,:18. Pla,,,,;ith.::nysus varians; on kOEL, has been found in greatest abund.ance, 
on falle'm koa trets, or major brsnches of liYing trees. These ware l!;ostly 
found in Kipuka Ki and Kipuka l'uaulu. On a large newly fallen branch in 
former, in mid-October, about 400 individlJ.als were found, Dating and ovi-
posi ting. Over Ii\. period of a f8',17 weeks nearly 100 of these were marked by a 
numbering code systelil. About 20 of these were recovered later, a few of 
them more than once, but by mid-November the population was quite low, and by 
mid-December still lower. ThG adults rest on adjacent vegetation and weeds 
at night and do not become active in morning until the sun strikes them or 
wi til considerable tenperature rise, often just before mid-morning. II!a. ting 
is repeated, with often d half riding on back of ? while latter oviposits in 
cracks in bark, laying a number of eggs. One oviposition takes about 20 
seconds. Life-qycle is probably about 6 months, longer in winter and perhaps 
shorter in summer. Adult life-span is apparently less than 2 months. Beetles 
nere not found sleeping on main branches (see Predation). :IJ;a ting and ovipo-
sition was achieved in cages, and also for a new species from Sapindus (see 
Davis report). 
Place in the ecosystem: The above srecies, and many others, attack in-
jUTed trees and branches, or u.lhealthy portions, as well as those felled by 
storms, rot and termite damage. Thus, many of the species are scavengers. 
Other species, like those in Myoporum, Pelea, Dodonaea, Vaccinium, Geraniun, 
etc attack living portions of trunks. ]:Iany of these kill plants, parts of 
plants, or stunt growth. 
Predation and parasitism: Predation is probably mainly by rats, I!!ongooses 
and birds. Parasitism is quite common. The braconid Doryctes palliatus has 
been reared from several of the larger species. The bethylid Sclerod~ was 
r'-3ared from the new species from SaDindus in Kipuka Ki and from P. sug--awai 
iT! Pitt0sDorum on Kauai (see ~)avis report). -
General abundance: As a rule, the adult cerambycids are rarely seen. Si-
tua tions as described ahove fOT P. variaT!s are very rarely encolJ .. 71tered. no-w-
ever, wit:l careful searching it is seen that many trees are affected by cer-
ambycids aT!d a great deal of boring is done by their lar"vae. In general, 
adults eu'e snort-lived, very active and elusive. Probably many of them rest 
on terminal branches, and are active in sunny weather but rarely seen in 
cloudy weather except when found in pupal cells. Laxvae are more easily 
found than adults. 
Host relationships: The plagi thmysines (120 species) occur only in h3,';'laii 
and include all but 2 of the endemic species of Cerambycidae. Those 2 are 
largl2 and bore in dead. to rott"m branches and logs on the ground, as a rule. 
The plagi thmysines attack both living and recently dead portions of woody 
plants, as a rule still standing. They are re:Tarkably host-specific. Since 
there is a general tendency towards woodiness in many groups of plants in 
F.aTIaii among genera which elsewhere are rarely or never 'Woody, a number of 
groups of plants are attacked here that are not attacked outside F.a.waii. 
About 53 families and 106 genera of rEtive Hawaiian plants are woody or semi-
wooly. Of these, represer.tatives of 27 families (52;n, and 35 genera U:3%) 
ar~ }movm to be attacked by pl2.gi th-ysines. However, unexpectedly, a mlrnoer 
of tl~J; endemic genera of pl::H1ts 'lre not attacked. Of 22 geT!cra of woody 
p12.n 1:,3 8Ylde:~ic to Rawaii, only 5 (22~,,) are attacked. There seer:::s to "be no 
iir~?ct correlation between the ,H.<;=:1:-; er of species in a genus of tree and. the 
rlLJ.I::l"ber of speci.es of cerarr:byciis .attached to the host genus. AS30cia'~ions 
9.r8 .. .Jinly on the generic level \01' trees) as far as oan be certain at present. 
There is some local specia tioD of cerarubycids on the Big IslR.nd, wi thin a 
genus of host plant ,but this IIlCJY be more from isolation of tree popula-
tions than from different s~8c:ies of a genus of host trees. On the level 
of the host tree species, however, nearly all the species attacked by the end-
emic cerambycids are endemic species of trees. Among the fe~ exceptions are 
ITicoti2.!l8. and Acacia decllrrens. 
There is a distinct relationship between host tree associations and the 
general abundance of the host trees. 1iany of the rare trees are not attack-
ed. The only host genera now CO:1.sidered rare which are known to be attacked 
are Mezone1..1xurn and PIa tydesma. As pointed out by Southwood (1960, 1961) there 
is a direct correlation between the abundance of a plant and the n1.l1Lber of 
kinds of insects associated with it. The more common trees, which are native 
to the area concerned, and have been abundant over a long period of time, usu-
ally have greater numbers of associated insect species •. This was verified 
for Hawaii by Southwood, and it holds true for the plagithmysines to a consi-
derable degree. Although in general the Hawaiian cerambycids are highly host-
specific and all are monoinsular ender::.ics, the host associations are not 
evenly spread by host genera or species, but to a considerable extent rela t,e 
to the abundance of hosts. On the other hand, a number of common plants do 
not yet have verified host records, or have only single isolated records, 
even though they have been searched. These aret 
Boepneria, Nototrichium, Pisonia, Broussaisia, Antidesma, GossYEi~~, 
Hibiscus, Viola, Cheirodenclron, HeynoHsia, TetraElasandra, Styphelia, 
Lysimachia, Kyrsine, Labordia, Osmanthus, Alyxia, Phyllostegia, iJothocestrum, 
Solanum, Cyrtandra, Copra sma , Ga.rdenia, Hedyotis, Psychotria, Clermontia, 
Cyanea" Scaevo la, Artemisia, Linochaeta and Tetrarnolopium. 
Host associations are known for !rost of the plagithl1ysines, thanks to the 
efforts of Perkins, Swezey (1951+), Davis and others. Recently, a number of 
now species have been found by searchirlg in known has ts on islands where 
there were no records of ceraILbycids in those hosts. Thus, probably many 
new species will be added, and a.lso additional hosts. Pi ttosporum, Ilex and 
Eiden; vrere new hosts associa ted, (all with new cera1!lbycid species) in the 
past 3 years. 
In the accompanying diagrams, r_ost associations of pla.githmysines are , 
sr:.o'lm, together with an attempt to shOl'l phylogeny of the beetles. In making 
this stlld;)', the group has been reduced to a single genus, and several trar.s-
fers of species are made be~ieen the subgenera (former genera). The former 
genus I'Teoclytarlus may consist of 3 different phyletic lines, originating 
from different ancestral Plagi thmysus. Wl1.at may be the ~lOst generalized 
spc;cies of the group are 2 from FIB.waiL However, the most generalized r:::eTIl-
ber of the subgenus J'lagi thQysus may be nihoae, the TI8stern:nost, from Ihhoa 
Islar:d. There have been repeatsd tr3nsf'2rs (founders) from one isla.nd to 
"Y1,,!-l""r "'1' t"l" 1"1 "'pc;Cl·""s-n:rou·o~ (0" .. ",1 ou+ll'Y'es) Of'to'::' +110 m""""bc,rs of one '":l .. _v u"". '. ;, 1.J........ v' v ..... S _ 0 I'J.. __ u.... • _ _J..... VL v '- l~~·.... _"
srecies group are attached to one host tree or several related trees, but 
sIso oit0;:1 to unre12,ted CO"l::::Or: trees ir: -She S'1rr:e ercvirom::;ent. Dashed lines 
ir.riics,J::: subgroups. In contrqst to ths situation in the Jrosophilidae, 
~=r"u,'1i. is relatively ric11sr, 3.7:('1. :30 is lr.a\'~?ii. 11.180, t:-t8 lobelioids 8,nd 
~,r2.1i0id.3 a.re ~ot irr:portftrlt hc':t".;, !?,s t,'<:ey are for dJ:.~oso:philidse .. ;'1;;0, 
PJ.·"l-b j G~ :u sines clearl~y· ev-tJl"",~d fr-.: a 3irrgl·.s rarent ~_:ttrcdu~tion. 
~'I',3.nsect SUX'19Jt""S: In addi.-t~on to t118 t:ra;ppir:6 , belo~i 3earchi~g 0: 
r-::ts :~_rd ct~tting of woo:. ~.'rE.J .r~~ ';_'.: .":'.'~J -::3,ny p-')iY!.ts~ Tr.L~? f?!ltire len.g~l-~ 'Jf 
-=r'~""':cc~~ 1 i!: tIle F:i18Lu~:l. 7r.Jl~ .~r:>:,:_ ~·to.ll:f :].rea n2_S SSct-rC~led more than orrct-~, 
\~l'jth negative r851.11"t3. =~al~ 10~~' 8:?Ct:'OU3 set out 8.1or::=.~ this tra.ns\:!ct; e.r:d, 
Et~O::g -tl:.:; lo.:e:ing rO.3.d at ~ig~:1.; :J~"-dl\:;~ to it ~"':ere ?llso 11.Sf;ative. The 0::'l.1~y· 
-:yo~~ ~.:". ~o~:J.l"'~ -"p."e ;~ .1.-",Y.~;",,·l 1--·""0~.~'-:::o", 0'" ~e('o)o~1'7 -1""11''''11 1'0'" +"""e~ ,-.:..;.<:>-•~.',Ut'>_~._~ t 1. ~_f- It,:::~,..., .... ~o ~ ~')I r, J.. ~.,., ~-<--';'ih ,~~ ..... ~L.;,o ~~L ~ ""7'"1'·''>'' 1. ...... -- ... ~J '; ..!. ,..!.. v .:;:."4. v .. J-J .:... :::t c; J.._ ~ -....' ;-".:.. t::... >-..> __ ..... __ .L ~- -..., .... .J..~_:.. ..... :h ... CI.J ...... (..s ... jl U .... JonL ~ t '~v-:l:'-'l8.ns;. .Lll l.~·YO'Dorll.!J. outs1.de fencE.-
-G'lort of study area, a nU:21;'2r of la.rvae of P. uerkinsi YJere found and are 
being reared. Davis reared ::l. P. vitticollis from ILubus h3-7raiiensis froe 
tl12 sa:n'a 3.:'"(:!8.. St~8.rchir:'6" alorl-;' -s11c; ~,,:aur~ Loa strir) rOt3.d, and p::t:rticula,rly 
i-:. I~ipuka Ki and above t:'12 c.r!i>Jl' end of the road" 'Has productive - 2 spe-
cL:;s in former and about 4 rL3:"11'" 18.tter. 
'l'r~.pping results~ \ Cuwulative) :t,:lagi tb..rr:ysus (Po) var-i3-ns ~ (~~. )claviger 
Tl.~" 'l.;'<; (':!.P .. '~~an I'-~lauea "'0-'-' -;:)0'-' (f1'r")· .~ .... ..L~. _ V~ J-':"..1- '.l.. -'0" J.~' ...... : to' \..a.. •• L ~ ~ 
l,lalaise trap, I;:atma Loa strip roadt 
Tii.Gagne: J'.,rrethrUl11 knock-down, strip road: 
l' l' ~ E' . '7] . (J1('1 71 101 \ ;;;a~a·lse "rap, onOKovvaJ.," •. ':.aUl u- - •••• ): 
(trap set up 9 Oct. 1971) 
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Progress report: Cerambycid studies on Sapindu! Eapgnaria 
(Sapindaceae) 
I 
C-3 
C.J. Davis 
Ma.nelc, SapindlJs s;1ponaria is fairly common in Kipuka Kit Mauna Loa 
Strip Road, Hawaii Volcanoes National P;1rk. Swezey (1954) states that no 
native insects are attached to tIlls tree and most of the few which occur. 
on it are found on other trees as well. Plagithmysus darwiniaous Sharp, 
an endemic Plagithmysinc is one of the few native insects collected on 
Saplndu_s saponaria. 
On August 5, 1971 a young Sapindus in the vicinity of the Hibiscadel-
phus plant community in Kipuka Ki had died fairly recently and the bark 
and wood disclosed numerous cerambycid larval ·galleries. Only a few exit 
holes were observed. The tree measured 15 centimeters at the base and 
was about 3,04 meters high. 
Branch and trunk sections were cut and held in three rearing boxes 
under Insectary conditions in Honolulu. The mean maximum temperature W41i1 
26.7 C. Emergence results are shown on Table 1. 
1 t will be noted that an endemic cerambycid, Plagithmysus sp. emerged 
from this materia 1. Species identification is pend~ng. This is the flrs.t 
record of an endemic plagithymyslne being reared from this tree species 
on Hawaii. 
For Lot 1, Plagithmysus stopped emerging on September 27, for Lot 2, 
October 4, and Lot 3, September 2l. A total of 44 beetles emerged for the 
three lots. A total or 149 bethlylids, Sclerodermus perkins Ashmead emerged, 
but the relationship l;Ietween Plagithynysus and Sclerodermus was not defi-
nitely established. Bridwell (1920) established a parasitic relationship 
for some native and exotic species of cerambycids and other insects for 
bethlylids and very likely the same is true for PlagithmysuB Bp. ex Sapindus. 
References 
Bridwell. 1920. Proc. Ha~. Ent. Soc. 4(2):291-314. 
Swezey. 1954. Forest Entomology in Hawaii J ilishopMuseum Publication 44. 
Emergences from branches and trunk of Sapindus saponaria "Mene1e" collected at Kipuka Ki, 
Ma.una Loa Strip, HavJaii Volcanoes National Park, l295 meters collected on August 5, 1971. 
Lot #1 Lot #2 Lot 1/3 Total 
A 15 x 35 CM A 8 x 32 CM A 5 x 30 eM F 7 x 12 CM 
B 15 x 35 eM B 6 x 27 CM B 4 x 20 CM G 3 x 26 CM 
C 15 x 35 Cl1 C 4 x 33 CM C 3 x 28 CM H 2.05 x 24 CM 
D 15 x 35 CM D 8 x 33 CM D 3 x 23 CM I 4 x 23 CM 
E 8 x 30 CM E 2 x 28 CM J 7 x 12 CM 
P1agithmysus sp. 20 19 5 44 
Sclerodermus perkins 15 
----_._--
115 19 149 . 
Ashmead 
Ichneumonid 
Pristomerus sp. 1 1 
Micro 1eps 15 2 2 19 
Psocids 10 10 
Total --- 50 146 27 223 
~ ,. ~. 
lV 
c.o 
tao W. Gagne 
Phytophagous insects - sap & seed feeders (Heteroptera) 
Objective 1. FACTORS AFFECTING SPECIATION 
The speci,atin.&. sroup that I have chosen is the genus Nesiomiris K1rkaldy 
(Miridae) which comprises ca. 55 spp. which are host specific to endemic 
trees in the Araliaceae and the Aquifoliaceae. The non-speciating group 
that I have chosen is the genus Koanoa Kirkaldy (}liridae), which contains 2 
species of generalist predators. (See original program proposal for state-
ment of following hypothesss), 
HIPothesis 1 (a). Most of the species of Nesioroiris are various shades of 
green which generally match their leaf habitat substrate. However. several 
host species of TetraplaS811dra ( Araliacae ) have white or mottled white 
leaf undersides. Four of 5 Nesiomiris species specific to these hosts are 
~lite or mottled. It is postulated that this is the result of selection 
pressure by birds for a phe.notype which moat closely matches that of the 
substrate. These bugs are also behaviorly modified in that they remain 
stationary on the substrate when the habitat is disturbed rather than 
scurrying frenetically about as do the green species. These findings 
correlate with similar hypothesis to expiain the unusual behavior of the 
endemic picture-wing Drosophilidae (Diptera). 
HIPothesis 1 (b). The ~esiomiris would appear to have more potential of 
developing isolating mechanisms because of their tendency to host spec-
ificity, the development of a number of specific host plants, the potential 
then for co-evolution with the host and their larger body size which would 
lessen the chances of interisland dispersal. One species complex shows a 
tendency to flightlessness., 
llIPothesis I (c). All but 4 species of Nesiomiris are monoinsular endemics, 
the remainder become progressively range-res trict.ed, the older the island. 
This couples with host isolation. This contrasts with Koanon which appears 
to be neither host specific nor habitat specific. It also feeds at a higher 
trophic level and is smaller bodied and not mono1nsular endemic. 
The Founder Principle would help to explain the monophyletic, monoinsular 
species assemblages in the genus ~omiris. 
Objective 2. STABILITY & FRAGILITY OF HAWAIIAN ECOSYSTEMS 
The emphasis here is on the foliar arthropods of Acacia koa and 
.1etrosideros collinn ssp. 'p'olymor}~ha var. incana with particUi'8r reference 
to the heteropterouB sap and seed feeders. 
SAMPLING MODIFICATIONS SINCE TECHNICAL REPORT HI 
1) Plan 
Some additional sampling sites have been necessitated. These sites have 
been selected to conform more closely with phenological study sites of 
Project B-3. The 9 sites were at sea level. 2500', 3900' (2 sites). 4000', 
·5400' (2 sites), 6600' and 7000', From 4000'-6600' koa was also sampled. 
Logistics and the need for sample unirormit~ has dictated that the sampl-
ing be restricted to mature host sp8ctmens at each site, rather than an 
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arbitrary se~ection of age classes. At each site ~le sample was replicated 
once for e.ach host. Thus a total of 9 times 2 (Metrosideros) plus 4 times 
2 (Acacia) or 26 samples for each sample run were taken once every two 
months. This run usually required two weeks since several days were 
usually lost to inclement weather and moving sampling gear. Individual 
Metrosideros trees were sampled at sea level and at 5400' along the Mauna 
Loa Strip Road because the trees are so scattered at these sites • 
• 2) Equipment 
A Dyna-Fog '70' insecticide fogger for pyrethrum application, manufact-
ured by Curtis Dyna Products, was found to be the easiest applicator to 
handle in the often rough terrain of the Mauna Loa Transect. This 8elf-
contained machine (with but one moving part) and filled weight of 27 lb. 
was easily hand carried to the sample site (sometimes considerably removed 
from a road) and roped up to a suitable ievel to fog the sample. 
For the scattered Metrosideros populations at sea level and at 5400' 
the technique was ~dified to single tree sampling. A zipper was installed 
in a sample canvas funnel such that it could be installed about the trunk 
of the tree to be sampled. The fallen sample was aspirated off the sample 
sheet. In the Kilauea Forest koas were also so scattered that it necessi-
tated proping the 6m2 s8lllpling funnel beneath a crown rather than typina 
each of the 4 corners to a tree. 
3) Timing 
Samples were taken at various times during the day and evening to test 
for activity patterns in the foliar community. It is anticipated that each 
sample site will be resampled the following year on or near the same date 
for yearly comparisons. Total recovery of the arthropod c01llllunity after 
the stress of fogging is probably well within this period (see Bulan & 
Barrett, 1971). 
4) Justification 
The method was chosen because of ite ease of sampling the whole foliar 
crown with a minimum of disturbance, the minimization of debris in the 
resulting sample with a consequent minimum of sample loss. It has the 
potential of comparison with a similar sampling of 5 years duration in pine· 
plantations in Central Ontario (Martin, 1966. Gagne & Martin. 1968) and that 
of Yamashita (1970a, b) for the Japan IBP/CT-S. 
It is recognized that no single technique is truly unbiased for any 
single 1Iletbod of extraction for no group is very uniform i.n controlabil:U . ,. 
Despite these drawbacks, no feasible alternative method for whole follar 
crown sampling seems available. 
SAMPLING RESULTS 
1) Chanaes in abundance 
Tho relative density of the arthropod community decreased with altitude 
on both hos ts. Populations were generally higher on Acaci.a than on 
tletrosideros, however, the exotic acacia psyllid (Psylla uncatoides) skewed 
that foliar community upwards. 
2) Changes in number of species in'each biota group 
When assigned by ecological niche (Figure 1) the phytophagous component 
decreased with altitude gain while the saprophagous and epiphytic associates 
increased (Fig\lre 2). Hemiptera comprised the bulk of the phytophagous 
group while Peocoptera constituted most of the latter group. 
3) Changes in adaptation 
Fifteen orders of arthropods were present on each host. Ants, roaches, 
endemic arboreal crickets, exotic isopods, and amphipods generally "dropped 
out" of the foliar community between 4000'-5000 1 • Although a complete 
identification of all taxa is still underway, it is evident that the richest 
communities are contained in the 3900-5000' range on Metrosideros and at the 
lowest elevations of Acacia (caa 4000') (Figure 3). Coleoptera appear to 
be the richest in terms of taxa although this might change when the spiders 
are more completely identified. 
4) Changes in compos-ition of native and exotic organisJIlS 
Indications are that the fauna in the Kilauea Forest is the most 
"pristine" in that this site contained the lowest percentage of identifiably 
exotic taxa. On Acacia, p. uncatoidea comprised the bulk of this component. 
On ~letrosideros, ants \ol er-;; the major exotic group and they became increas-
ingly prevalent towards sea level. Exotic taxa decreased ascending the 
transect. (Figure 4). 
5) Exotic penetration and climatic factors 
Social species (ants) and polyphagous species (e.g. the flatid bug, 
,Sj.phanta acut;!l and the roaches) had the highest "penetrance" of native 
communities. !. ac~ta was present at all elevations on !etrosideroB. 
Most exotics on Metrosideros were present below 4000'. A comparison 
with the relatively wet site at 5400' in the Kilauea Forest with a drier 
site at the same elevation on the Mauna Loa Transect revealed that the 
exotics were mere prevalent in the drier site. 
BIOMATHEMATICAL RELATIONSHIPS 
Mathematical and statistical refinements of species diversity measures 
and its correlation with other variables is a rapidly developing research 
area. It is now difficult to select an analytic method because of the 
changing nature of biostat1stical analyses and its conceptual framework and 
lack of consensus on methods most appropriate to analyse a particular 
problem. 
1.33 
TIlere have been s~veral recent critical analyses of stability and 
diversity measures. The Prf)babili ty of Interspecific Encounter is argued 
as an effective paramet~r by Hurlbert~ 1971. For samples containing many 
species such as mine do, Bullock (1971a) dcmor.s trated that the log-series 
and the imlex of diversity aL"C good measures for sample description. For 
sample comparison he (1971b) showed ·that Kendall's rank correlation 
coefficient is also effective. Deevey (1969) claimed that "species com-
position parameters will have clearest significance when calculated on a 
"taxocene l1 (a taxonomic segment of a community or association) (see Fig. 3). 
These methods will be programmed for computer analysis. 
COOPERATION \Urn OTHER INVESTIGATORS 
I am identifying the. Hemiptera from pitfall traps and lava tubes (Pro-
ject C-9). My data will be compared with that derived from a different 
method of sampling Metroeideros arthropods (Project C-5) and material I 
have ob tained of the acacia psy'Hid and HetLos ideros psyl1ids is being 
supplied to the respective projects (Project C-5 and C-6). A number of 
collaborators are identifying the arthropods derived from my samples. e.g. 
Gressitt - cerambycid beetles (Project C-3) and Steffan - sciarid flies 
(Project C-2). 
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Progress rr~ort on eff~cts of sap-~ueking 
lIomOpi:I'Yil on HilWaiilll1 ecosystems. 
C-5 
J.W. TleardS-~y 
John R. Leeper 
RI!SC.:-ll·ch on the kO;:l psyllid, Psvlla Ilnc(ftoides (ferris Clnd KJyver), was -..JL __
begun in HClY In J. Th(' princ:i plc study sites were locat(~d tl long the Mauna Loa 
tYill1Sect (4300, 5300, ilnd 6600 ft.). A study site \"'as also established at the 
KOC1ia Reserve in the Kohtlla Mts. (3000 ft.) for comparative purposes. 
Silrllplir:g techniques have heen h'orked out and have, for the most part, been 
found sntisfactory. Emphasis h<'ls been placed on follm'ling the population 
fluctUiltions of the psyllid and the relationship between the psyllid and its 
host plant, Acacia koa. 
The psyllid favors to lay its eggs and the nympns favor development on 
new termillal growth. The psyllid infestations on new growth can reach a 
point "here tc-rminal die-back on the plant will occur. Table 1 shows the 
averages of thp. percent new growth at each site for each field trip. The 
averagos are basen on 3-100 counts of terminals. By taking these readings 
\ve CDn roughly project ,"hot the psyllid population is likely to be (either 
high or 10Vl) in the near future, or what it has been in the past. A numerical 
projection of probable psyllid population size can not be given as yet, since 
other f~ctors influential in determining the psyllid population must be taken 
into account and have yet to be studied. It should be noted that the absence 
of new grmvth at 6fJOO ft. along the Hauna Loa transect was not due to die-back 
associ<lted td th a psylJ j d infestation but appeared to be associated with the 
nlJturilJ phenology of the trees at th<Jt elevation. A second flushing of new' 
grO\;1th -is bcginrdng aJong the Maunn Loa transect. Above and below the 
4300 ft. Sit0 elC percent new growth is significant but at that site there is 
Imly il l\('gl igihle pmo(,\·~llLi1~!'. When fJllshing does occur, it :is on the terminals 
th,l t do lloj llt1vr. lH'flvy l)11chHng. '1.'11crc fore 1.110 recent pr.:rcentuj..(cH do not 
incJllrlf' thu:o;p tel1nillnlH. It iti not yet known whether this is the start of 
nc'xt S(~':ISOll' s f]lIsh or Hhel:her i.t is only a winter flush of new growth. 
\.,rh.ltcver t)1e sitlliJtion, it will be interesting to see what effect this flushing 
will hilVf> on stiml1lating thl~ psy.llid popul~tions to incrcDse in the following 
winter mmlths. The psyllids are not attrDcted to the buds to lay their eggs 
or to feed (\J. Therefore, budding is being observed but not followed closely. 
ioble 2 shows the adult psyllid population estimates. The figures 
represent the number of psyllid adults collected in Cl 3 minute D-vac sample. 
The numbers \'Jere arrived at by an Clctual count for the ]ower sized figures and 
the ] argp:, sized figures represent il vol umetric estimation. A comparison of 
thi R datil \Vj th the perc8nt new growth d.lta shows that a drop in the adult 
popu.loLion follows the loss of new growth. The nymphal populations (Table 3) 
also decr8<Jse a fter loss of neN growth. The decreases in the nymphal popula-
tions more closely follows the decrease in new terminal growth than does the 
decrease in the aduJ.t populations. This is on indication that the adult stage 
is the longer lived stage. Koehler et al. (1966) substantiated this in their 
study of the life history of~. uncatoides. 
Thp adult psyllid populations can easily be sampled with the D-vac since 
a disturhed adult will jump and can tben easily be suck.ed into the machine. 
The nymphs do not jump when disturbed but cling to the plant. Therefore, 
another method had tOo be devised to obtain sample estiIP.ates of the nymphal 
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c ... s 
T<lhle }. Percent Npw Tenniniil Growth (Average of 3"-100 Counts). 
5/15/71 
6/14/71 
7/19/71 
8/2/71 
9/1/71 
10/3/71 
10/31/71 
11/5/71 
6(,00 
73.0 
(17.6 
70.6 
69.3 
06.3 
0.0 
0.0 
45.3 
Hilun.J Loa Strip 
5300 
7:3.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
63.3 
Koaia Reserve 
4300 3000 
59.8 20.0 
0.0 81.3 
0.0 88.0 
0.0 96.0 
0.0 95.0 
0.0 81.0 
0.0 61.6 
(15.0 66.6 
Table 2. Adul1: Psyllid Population Estima'te (3 Hin. D-va~ Sample of Branch 
Terminals) . 
D.1te* Mauna Loa Strip Koaia Reserve 
{,(,OO 5300 4300 3000 
(,/14/71 101 3000 5500 
7/19/71 (JS7 1000 750 214 
8/2/71 576 840 453 775 
1}/1/71 464 :n2 195 1800 
10/3/71 224 243 28 4800 
10/31/71 79 J.93 14 1800 
TubI e 3. Nymphal Population Estiri1<J'..:e (Total of 10-4 in. Terminal Samples). 
Date* Nanna Loa. Strip Koaia Reserve 
6600 5300 4300 3000 
5/15/71 158 1,90.'3 20,392 99 
6/14/71 23 10 1,072 46 
7/19/71 403 0 1 20 
8/2/71 404 ,n 1 23 .1.L 
9/1/71 311 12 3 283 
10/3/71 10 ~'1 .L.:... 1 53 
10/31/71 3 6 0 12 
* Tlll~ Koain dt:lta "''::8 collected +;} days from dates listed. 
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populations. The nymphal population estimates for each site were obtained 
by counting the nymphs on 10-4 inch terminal samples. This method is 
rather laborious and time consuming. Harris (1971) has described a method 
by \vhich he separated the pear psyllid, Psylla pyricola, from pear foliage 
using a berlese funnel. This method facilitated his counting the nymphs. 
HarrisTs method is being used to count the nymphs on A. koa terminals col-
lected on the last field trip to determine its feasibIlity in separating 
P. uncatoides nymphs from the terminals. 
No paraSites of P. uncatoides have been found in Hawaii. Predators 
are present but none of them appear able to control the psyllid populations. 
The principle predators at the Koaia Reserve site are coccinellids while 
there does not appear to be anyone principle predator along the Hauna Loa 
transect. Dr. Beardsley has found P. uncatoides in Australia and has also 
found a paraSite of its nymphal stage. He is working with Mr. Davis of 
the State Department of Agriculture to introduce the paraSite to Hawaii. 
Looking ahead, we plan on following the above trends more closely by 
increasing the frequency of sampling at the present sites as well as at 
additional sites at 4000, 4800, 6000 ft. along the Mauna Loa transect and 
in the Kilauea Forest. We are particularly interested in the effects of 
climate on the psyllid populations and will be placing more emphasis on that 
relationship. Mr. Davis has expressed an interest in whether the psyl1id 
can mechanically transmit the koa rust, Uromyas koae. We will also start 
researching on that possibility. ----
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Progress r,' port on faunal resoarch on 
r~jctrooideros 
T. Nishida 
F. H. Haramoto 
L. Nru{ailara 
Brailchlet, bark, anJ duff samples from 14etro::>idero3 collina ro1ymorpha 
var. inc,m~ were co3..1ectcd on a bimonthly schcd4,lc Gince November. 1970 from 
plots cstabli~hcd alone a transect on Mauna Loa at elevations of 500, 3400, 
3500. 3800, liOOO, and 7000 feet. Hore recently, October 1971, similar 
s.:.unplcs were begun to be tuken from two more plots established along the 
s.:unc tr:mscct at elevat.ions of 5500 and 8000 feet. :lome of these plots 
arc being uGed by botanists (Parter and Lamoureux) and other entomologists 
with the objective of integrD.ting or complementing our findings. Data 
obtained from these aamples and from D-Vac samples show that the arthropod 
communities associated with this plant are very rich and complex (Fig. 1). 
To date some 150 different species of arthropods have been recovered from 
these plots and identified to various taxonomic categories. Identification 
of most of them to specific level was not possible becauze they appear to 
be new species. Also, since the biologies of most of them are still 
unknown, their role and niche in the HetrosideroG ecosystem remain uncertain •. 
Tentative grou}lings of them according to their feeding habits n.re presented t in Tilbles 1, 2, and 3. . 
Greatest diversity in th~ arthropod comrnunitcs of Mctrosidel"os was 
evident in the plots <3 t 3.)00 and 4000 feet and fewer arthropods occurred 
in the plots further down or up the transect from these elevations. For 
example, in the duff samples collected in April 1971, there were 27 species 
with-2632 im:ividuals at ;,800, 21 si,ecies with 322 individuals at 7000, and 
27 species with 463 inciividuals at 500 feet. In each plot, arthropods were 
most munerous at the r;round level and fewest at the folinge level. On the 
so.me s.::unpling date mentioned earlier, 27 species with 2632 individuals 
were recovered from the duff sample, 22 spe-cies with 797 individuals from 
the bark G.:lmple, and 14 B!?~cies with 653 individuals from the branchlet 
sEl/Tlple at .3800 feet. Although mites outnumbered the other arthropods in 
most of the samples, only 2 out of the 79 different species of mites were 
primary consumer.'" of r-letrO!5idcroc.> (Table 1). Insects were the predominant 
phytophagous arthropods of 11etrosidcros and these were recovered primarily 
from the foliage level. ~otic species of arthropods were numerous in 
the plot at 500 feet but decreased in number with increase in elevation. 
Besides identifyinJ and enwncrating all of the arthropods associated with 
Net rosidcros, more deto.il studies I'Jere conducted on psyllids because they 
appear to have a greater influence on HetrosideroG than any of the other 
phytophagous arthropods. He::;ults obtained thus fnr show that there are 
four Gpt.,cies of psyllids intimately nSl3ocintr.d '..;ith this plant on Hauna Loa.. 
These nre: Trioza n. sp~ 1 (previom::;l:y re&ardcd as T. ohiAcola ) forming 
flat galls on the leaves, 'i'rioZ:l n. I3p. 2 forming cone gulls on the leaves. 
stems and flower buds, 'I'rioza hrtw'l.iiensis formi~ ::stem galla, and Kuwayama 
r:1inuta forming pit galls on the upper surface of leaves. The first species 
was widely distribted from 500 to 7000 feet while the others were more 
reGtrictcd in their distribution (Table 4). Also~ in a given plot these 
psyllids '"erc noLro.nciumly distributed but showed some preference to certain 
trees. Because of this h,,,bit I certuin trees; especially those infested 
by 1:. hm.Jaiiensis, were badly deformed and stunted. Preliminary studies 
on the biolo~y of Trio~u n. Gp. 1 
.' 
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Wt!l"C u130 conducted. r~he fifth in~t:lr nyr~'phs of this r:;rccics emere;~d from 
the galL. through tho lo;,cr {;urf.::lce of the leavc.s Hnd molted into "'ldults 
within an hour. nfter m0ting, ·the femRles deposited their heavily Dclcrotized 
bbck egGs in the vicinity of expanding leaf bude. The cse;s hatched within 
.:J. mont.h nnd the iirst.illi.itClr nymph3 crawled onto and fed on the undersurface 
of the flu::;hing leaves. A fl.:Jt eall formed around each of the nymphs, and 
the nylnphs spent their remaining stadia of one to three months within the 
galls. 
Such factors as sC[tsonal variations, predator's, parasites t and phenoloin" 
of tktrosicl.eros undoub'ccdly have sicnificant effect on the IJsyllids as well 
as the othe~thropods. Elucidation as to how these factors interact with 
each other will shed some liGht on the evolution and speciation of arthropods 
on l':ctro:::icleros in Hawoii. To accomplish this t we fully appreciate the 
fact that an integrated effort by both botanists and other entomologists are 
needed. 
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FIGURE l. INTERACTION MOm~L OF '{'fIE; M.t'JRO~)ILJ~;ROS ECO;~Y:;T)<;M 
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Table 1. Fhytophagous arthropods found in association with Metrosideros from November 1970 to November 1971. 
• • 
.-\rachnida Locality No. ,species Insecta et al. Locality No. Species 
F::IOSTIGI'1AT A THYS.ANOPTERA 
Eriophyidae L 1 Fhlaeothripidae L 1 
Tarsonemidae L 1 ORrl'HOF,( ERA 
Gryllidae L 1 
HOMOPI'ERA 
Coccidae L 2 
Delphacidae L 1 
Diaspididae L 1 
Flatidae L 1 ,.. 
Pseudococcidae B L 2 ~ Psyllidae T 4 LI ~ 
HEIHl'l'ERA 
Lygaeidae L 1 
Miridae L 1 
Plataspidae L 1 
COLEOPTERA 
Proterhinidae B 1 
Scarabaeidae L 1 
Li;PIDOPTERA 
Carposinidae L 1 
HYi'ENOPTERA 
Colletidae L 1 
TOT4L 2 20 
• D= duff sample 
B= bark sample 
L= branchlet sample 
Table 2. Saprophagous, mycetophagous, etc. arthropods found associated with Metrosideros, November 1970 to November 
1971 •• 
Arachnida Locality· No. Species Insecta et ale Locality. No. Species 
--
MESOSTIGMATA ISOPODA 
Uropodidae D 1 Sowbugs D B 1 
ASTIGMATA DIPLOPODA 
Acaridae D B 1 Millipedes D B 1 
Anoetidae B 1 COLLEMBOLA 
Czenspinskiidae L 1 Achorutidae D B 2 
CRYPrOSTIGMATA Entomobryidae D L 2 
Achipteriidae D B L 1 Isotomidae B 1 
Astegistidae B 1 Onychiuridae D 1 
Brachychthoniidae D B 1 Sminthuridae D B 2 
Carabodidae D B 1 CORRODENTIA 
Ceratozetidae B 1 Elipsocidae D B L 1 
Ctenacaridae D 1 Liposcelidae D B L 1 
Cymbaeremaeidae B L 1 Psocidae D B L 1 ~ Eniochthoniidae D 1 THYSANURA ~ Epilohmanniidae D 1 Lepismatidae D B 1 en Eremaeidae D 1 COLEOPrERA 
Euphthiracaridae D B 2 Ciidae B 1 
Galumnidae D B 2 
Haplochthoniidae D 1 
Haplozetidae D 1 
Hypochthoniidae D 2 
Liodidae D B 1 
Malaconothridae D B 1 
Microzetidae D 1 
Mycobatidae B 1 
Nanhermanniidae D B 1 
Nothridae D B 2 
Oppiidae D B L 3 
Oribatulidae D B L 3 
perlohmanniidae B 1 
Phthiracaridae D B 2 
Sphaerochthoniidae D 1 
Tegoribatidae D 1 
I[hI~Q~ntnQni1dae B L 1 
TOTAL 41 15 
*D= duff sample, B- bark sample, L= branchlet sample. 
Table 3. Entomophagous arthropods found on Metrosideros, November 1970 to November 1971. 
~---
Arachnida Locality • No. Species Insecta et al. Locality • No. Species 
PROSTIGMATA DERMAPTERA 
,',.nystidae B L 1 Earwigs D B 1 
Bde1lidae D B L 1 THYSANOPTERA 
Cryptognathidae D 1 Thripidae D B L 1 
Cunaxidae D L 1 Nii::UROPTERA 
Erythaeidae L 1 Chrysopidae L 1 
Supodidae D 1 Hemerobiidae L 1 
Nanorchestidae D 2 HEMHTERA 
Pachygnathidae D B 1 Nabidae L 1 
~entha10didae D 1 COLEOPTERA 
Pseudochey1idae L 1 Coccine11idae B L 6 
Raphignathidae B 1 Staphy1inidae D 1 
;:r,agidiidae D 1 HYMENOPTERA 
Scutacaridae B 1 Agriotypidae L 1 ~ Stigmaeidae L 3 Braconidae L 2 ~ 
I'ydeidae B 1 l>.:ncyrtidae L 4 ~ 
NESOSTIGMATA Eu10phidae L 2 
Ameroseiidae L 1 Eupe1midae L 1 
Ascidae D B L 2 Evaniidae L 1 
Chey1etidae D B L 3 Formicidae B L 1 
010gamasidae B 1 Ichneumonidae L 3 
Parasitidae D B 1 Mymaridae L 1 
Parho1aspidae D B 2 P1atygasteridae B 1 
Phytoseiidae D B L 5 pteroma1idae L 1 
Fodocinidae D 1 Sce1ionidae L 1 
Rhodacaridae B 1 Vespidae L 1 
Veigaiaidae D 1 
ARANEIDA 
Argiopidae L 1 
Sa1ticidae L 1 
Theridiidae L 1 
F3EUDOSCORPIONIDA 
PseudoscorEions D B 1 
-:'OTAL 40 32 
~--
* D= duff sample, B= bark sample, L. branch1et sample 
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Table 4. 0pecies of Psyllids and Their Galling Incidence on Metrosideros • 
• Elevation Galling Index 
(feet) 
.'. * 
Trioza Trioza Trioza Kuwa:iama Total·· 
n. sp. 1 n. sr· 2 hawaiiensis minuta 
500 1.8 0.2 0.0 0.0 2.0 
3500 2.2 2.4 0.1 1.0 5.7 
4000 3.8 2.0 0.0 1.1 6.9 
7000 1.6 0.0 1.3 1.1 4.0 
Average 2.4 1.2 0.4 0.8 
*Eight month average from April to November, 1971. 
** Since index is based on 0 - 5 scale, total merely reflects relative 
abundance of all psyllids when comparing different elevations. 
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Frogress report on soil and duff inhabiting 
arthropods and vertebrate ectoperasites 
Introduction and Organization 
This project t~as begun during the first grant year but was not funded 
until the second year (beginning September 1, 1971). Although considerable 
preliminary work and organization was carried out during the first year, 
more intensive resea~ch was delayed until near the beginning of the second 
. year. 
It should be reemphasized that the scope and title of this project has 
been extensively modified from that given in the initia.1 application for 
the Subprogram. Originally, the objective was to investigate parasites of 
vertebrates, and there was then no specific research·plan for integrating 
the work with the Subpr.ogram as a whole. As reflected in the last report, 
the current report, and the new title, the project now has equal or greater 
emphasis on studies of arthropods found in soil and litter (and surface or 
subsurface substrates generally). Both the substrate fauna and ectoparasite 
sections of the project are closely integrated with the Subprogram, in terms 
of collaboration and objectives. 
Personnel currently involved in the project in a direct way, other than 
cooperating systematic specialists, are as follows: 
Frank J. Radovsky 
F. Quentin. Tomich 
Gordon Wallace 
JoAnn Tenorio 
. G. A. Samuelson 
Francis Howarth 
J. Jacobi 
Bruce Dalton 
Various technicians 
at Bishop Museum 
A. Soil and Duff 
Principal Investigator 
Hammalogist, joiut project 
on mammals and ectoparasites 
Medical Zoologist, . toxoplasmosis 
in mammals and other potential hosts 
Research Associate, all aspects of project 
Research Associate, sampling methods and 
survey of soil and litter macrofauna 
Research Associate, cavernicolous fauna 
Field Assistant (also currently Field 
Technician for Subprogram) 
Fleld Assistant, mammal and ectoparasite 
collection 
Preliminary sorting, slide-mounting, etc. 
1. Field studies and collections 
(a) Collections for Berlese extraction have been made at regular 
intervals throughout the present year; in July they were started and have 
since been continued on a quantitative basis. Quantitation is based on 
surface area (0.05 Jn2) and (grossly) on horizon; 2 samples are normally 
taken (1) the loose surface litter containing whole leaves and other 
relatively intact plaut material of parts thereof, and (2) the underlying 
humus and/or mineral soil to a depth of approximately 2 centimeters. 
Collections have been made (1) at major releves and some other relev~s and 
other points on or near transect 1 (<1 few other collections elsewhere on 
the island of Hawaii and in the Leeward Chain); (2) in association with 
the pitfall trap collections (see below); (3) from fumaroles (sec below); 
(4) from lava tubes (see below). A total of approximately 475 Berlese 
samples have been extracted and sorted to date. 
Initially Berlese extraction \<l8.a done by natural drying, in order to 
maximize the number of organisms recovered. For quantitative sampling, we 
are using the more typical Berlese (Tullgren) funnel with a closed top and 
a built-in source of heat and light. Although a few additional organisms 
may be lost in this way, the effects of Btoospheric variables are essen-
tially eliminated and comparability of samples increased. A total of 25 
funnels with identical design has been obtained; 15 are now at the field 
laboratory in Hawaii Volcanoes National Park, so that extraction can be 
conducted without the delay of storage and transportation to Honolulu. 
(b) Pitfall traps were design.ed and fabricated suitable for use 
under the edaphic and climatic conditions in Hawaii. The basic design 1s 
that of Fichter (1941, ~cology 22: 338-339). Each trap consists of a 
plastic cylinder; a shelf sealed to the inside of the cylinder about 6 
inches below the top, e,ngled to drain to the sides, provided with peripheral 
fine-screened areas for drainage, a central opening (for funnel), and 4 
vertical flanges to lead arthropods into tile opening; a funnel with bottom 
screw-on attachment for collecting jar; and a roof suspended over the 
funnel opening. The trap is installed in a hole so that the top is flush 
with the ground surface. Fourteen of these traps were put in the field in 
June and July 1971: 12 at locations from 3500 to 8000 feet on transect 1 
(largely corresponding to principal releves and includi.ng one near Mauna 
Loa Strip Road weather station) and 2 in the Kilauea Forest Reserve. 
The traps have proven to be <in efficient and meaningful sampling 
technique in the way in vlhich vIe are nsing them. Soil zoologists have 
pointed to the limitations of pitfall traps due to bias from location and 
from the effect of species behavl.o:c on the likelihood of particular animal 
. species entering the traps. He have attempted to avoid bias from location 
by situating the traps away fro~ tree trunks, fallen logs, etc. that would 
influence direction of movp.ment, A control is provided in regular sampling 
for Berlese extraction in the general vicinity of traps. For comparison of 
dominant species in different locations and through the year, the traps 
should provide useful data. A nQ~ber of organisms, such as some beetles 
and sm,y bugs, as well as some of the small~r forms, are regularly collected 
in the traps but not :tn Barlase samples. 
Picric acid has been used in pitfall traps by some workers, because 
of the possible repellancy of alcohol and other fixatives. Picric acid 
does not provide adequate fixation and preservation for some arthropods. 
Therefore we are alternating the use of I?lcohol and picric acid in each 
trap. 
More than 120 srunples f:-:-om the pitfall traps have been sorted to 
this time. 
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(c) Fumarole collections were continued in 1971. TWo of the 
larger and more typical fumaroles were mapped, and surface and sectional 
scale illustrations prepared. A string grid was put over the opening, and 
substrata samples and tempertitures were taken together, at one foot inter-
vals. Temperatures were measured with a telethermometer, and included both 
surface and subsurface temperatures in order to bracket as closely as 
possible the conditions in which collected arthropods were living. Berlese 
extractions were made of 129 samples; in the grid study these were stan-
derdized as 4" X 4" X 1/2/1 deep s~mples whereever feasible. 
No arthropods were obtained from samples taken closest to the vents 
emitting steam, where sample temperatures were 70°C and above. Collembola 
were obtained at sample temperatures as high as 65°C. A variety of arthro-
pods are tolerant of moderately high temperatures; e.g., a sample with a 
minimum temperature of 42°C yielded Diptera (larval Nematocera), Collerrhola, 
Pros tigmata,and Cryptos tigmata. Analyses of arthropod species, temperature 
tolerances and vegetational association within the fumaroles are in pro-
gress. 
(d) Cavernicolous' fauna. F. Howarth (Bishop Museum) initiated 
studies of arthropods associated with lava tubes in the spring and summer 
.of 1971. This has proven to be an extremely fruitful project and the 
preliminary results summarized in another section of this report are in 
press and will appear in an early issue of Science (Contribution No.1, 
Island Ecosystems IRP/IBP Hawaii). Because of similarity in objectives and 
techniques, the study has been integrated with this project to a certain 
extent. Thus, we are including soil and pitfall samples from lava tubes in 
the respective numbered series for this project, and, where practical, 
specimens requiring the attention of other systematic specialists are being 
sent to the same workers. TIle latter avoids the possibility that 2 or more 
specialists might publish descriptions of the same new taxa. 
(e) G. A. Samuelson (Bishop Museum) has been supported by the 
project for studies on soil macrofauna. Thus far, he has spent 7 days in 
the area,of transect 1, experimenting "rith ground cloths, sievins, baiting 
and other methods. TIlis is primarily directed at recovery of Coleoptera 
and other insects that may be present in significant numbers but not be 
taken in Berlese sampling or pitfall traps. 
(f) Dr. Taiji Imamura (Department of Biology, Ibaraki University. 
l~to. Japan), a leading specialist on aquatic and sub-aquatic mitcs 
(recently elected as one of four Honary Hembers of the International Con-
gress of Acarology) spent 30 days in Hawaii surveying L~e equatic acarine 
fauna of the major islands (Sept. - Oct. 1971). As anticipated, the fauna 
is depauperate, but several neu species (as well as new records) 't"ere 
discovered and the results of the survey will be published with acknowledg-
ment ot IBP support. Dr~ Imamura was provided with expenses for inter-
island travel and per diem during his visit; his fare to and from Hawaii 
was provided by other sources. His work is justified as part of this project 
because of the pot·ential find Lugs relative to insul ar biotic evolution and 
the intergradation between terrestrial and aquatic faunas. 
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2. Processing and identification 
Cooperation has been obtained in identification of all the major 
groups of arthropods present in coHec ted samples. 
Acarina Cryp tos tigma ta H. Sengbusch 
Mesos tigmata F. J. Radovsky, J. M. Tenorio 
Pros tigma ta R. w. Strandtmann 
Araneae L. J. Pinter 
Crustacea Isopoda G. A. Schultz 
Insecta Collembola P. F. Bellinger 
Hemiptera w. Gagne' 
Thysanoptera F. Bianchi 
Diptera J. H. Tenorio, W. A. Steffan, 
H. Delfinado 
Coleoptera G. A. Samuelson 
Hymenoptera (ants) 
-
E. Huddleston 
Some groups, such as Dermo.ptera, respresented by one or a few well 
characterized species, are routinely identified without consultation with 
systematic specialists. 
Progress in identification of the various groups is, of course, 
irregular. Preliminary sorting and counting to order, suborder, and some-
times family has been placed on a routine basis and is being kept up to 
date. Most progress has been made in specific identification in the 
Mesostigmata among the. mites and the Collembola, Thysanoptera, Dermaptera, 
Hemiptera, and Diptera among the inSects. A major objective with the larger 
groups is to obtain identified material of the commoner species that will 
permit us to identify and count them in this laboratory. This has been 
best achieved for the Collembola (through the generous cooperation of 
Dr. Bellinger); species identifications (or reference to new or questionably 
identified species) are being kept up to date for all Gollembola being 
collected. We anticipate similar progress for all major groups by the end 
of the current grant year~ 
3. Data processing, interpretation and publication 
Unlike the second part of this project involving ectoparasites, we 
are not yet at a stage where data on soil arthropods can be integrated with 
the general program. This is largely a result of the complexity of the 
fauna and the mass of data that must be treated. We will start computeri-
zation of data during tIle spring of 1972. Some interpretation could be 
made from data at this E!:age and in its present form; however, this would 
necessarily be tentative ilnd will not be attempted in this report. A first 
manuscript for publication of the initial results of these studies may be 
prepared in the fall of 1972. A preliminary interaction diagram for the 
so11 and litter fauna is appended. 
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B. Ectoparasites 
1. Small mammals 
Trapping of mammals and survey of their ectoparasites was started~, 
early in 1970 as indicated in the previous report. Quantitative studies . 
in collaboration with Dr. P. Q. Tomich were initiated in April 1971. Trap-\ 
lines are in operation on the 4 transects within the Kilauea Forest Reserve; 
this area is the location of the n~jor intensive study on sn~ll mammals, 
their behavior and interaction with environment, seasonal variations, and 
the relation of ectoparasite load to other factors. Two transects are run 
each month (so that anyone transect is trapped Dt bimonthly intervals): 
one a trap-release line (with 60 traps) and the other for capture and 
removal of rodents to the laboratory (with 60 traps). In addition to the 
mammalogical processing, standard procedures are used for washing of all 
animals brought to the laboratory for parasite recovery. Parasites are 
preserved in alcohol, slide-mounted at the Bishop Huseum, and identified. 
Operation of 9 selected sites on transect 1 was started in October 
1971. These will provide comparative date on mammals and their ectoparasites 
from 3000 to 7000 feet, and in different vegetational associations. At 
each site 39 traps will be operated; since each site will be trapped only 
4 times annually, all captured animals can be removed without decimating 
the populations or requiring a control trap-release line. 
A separate summary by Dr. Tomich, including mammalogical observa-
tions, is given in this report (D2). 
All data for hosts and ectoparasites is directly coded on field 
sheets (ectoparasite identification and counts, stomach content analysis, 
etc. added in the laboratory) so that the information can be computerized 
from these sheets. The first input of data to Dr. Mi's system was in" 
August 1971. 
Analysis of ectoparasi te trends a.s well as mallunalogical data by 
location and season \vill require longer runs for all trap lines. Some 
features are obvious now. Rattus rattus is the dominant rodent species in 
Kilauea Forest Reserve. orni~yssus bacoti is a common parasite of !. 
rattus at low elevations (previous studies and some miscellaneous collec-
tions in this study), but it does not occur in the Forest Reserve and has 
not yet been taken at other higher altitude locations in this series • 
Additional data on this and other species should shed light on the para-
meters limiting the distribution of various parasites. 
The ectoparasites known from small mammal hosts in Hawaii include 
7 species of fleas, 2 species of lice, and more than 17 species of mites. 
All identifications are done in this laboratory; most of the known species 
have been identified in some of our collections. Three species of Hxpoaspis 
(Acarina: Mesostigmata) have been found that were not previously known in 
Hawaii: H. nidicorva, H. sardoa, and H. sp. near aculeifer (possibly 
new species). Hy'pO;{[Ti~-spec.ies are frequent nest inhabitants but are 
generally considered to b(.~ non-parasitic. 
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One or more tuanuscripts on Hawaiian mannnals and their ectoparasiteR 
should be completed in 1973. A note on some ectoparnsite collections in 
the northwestern (leeward) islands has already appeared (see below). 
As a routine part of our collecting operation, 2 blood discs are 
made for each host. These are subjected to serological analysis in 
Dr. Wallace's laboratory, primarily for studies on the epidemiology of 
toxoplasmosis. Dr. Tomich is inoc:;:u1ating culture medium with kidney 
material for leptospirosis survey." 
2. AVian hos ts 
Approximately 45 avian hosts have been examined for ectoparasites 
in 1971. l-1ost of these are introduced birds, including Barred Dove, 
Speckled Dove, Barn Owl, White-eye, House Sparrow, and House Finch. Native 
birds examined include the Amakihi and Apapane. Ectoparasites from these 
hosts have been mounted and prepared for study. This will provide infor-
mation on the degree of interchange of ectoparasites between native and 
introduced bi rds, as well as the parasi tes of each group. Hhen this survey 
was initiated in 1970, the blood-sucking chey1etid mite, Bakericheyla 
chanayi, 'vas recorded from Ha"Taii for the first time, with a ne~v host 
record on the Shama Thrush (~.~. Ent. Soc., in press). 
Pub 11 ca ti ons : 
A note giving new records of chiggers from the NorthwestemHawaiian 
Islands \vas based on studies supported in part under this project. Another 
paper is being prepared on ectoparasites from the "Leeward Islands." 
M. L. Goff. 1971. New records of chiggers (Acarina, Trombiculidae) from 
the Northwes tern Hawaiian Islands. ~. l-1ed. Entomol. 8(4): 456. 
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Prjmad.ly mor-type hUlIlll:.l in forests at lower and inteollcdiatc elevations 
providing the createst variety und llurnhcrs of macrof.'1una. 
Numb<:r.n nfter e,;lch <lrthropod gr<.'up 1n the diagl'l1tn represent nppl"oximate 
perccntDges of indi.vicluals in total arthropod fmm<l collected on 51 tes 
alone tr[ln~;ect thl1G far. Tlw 4 l1<1ll1(~d orden; conntitute B5% of the total 
fauna, \.,Iith Collclllboln and Cryptostigm<1ta ns the major prilll.1ry consumcrs. 
(Cryptostiglll.:ltn are parti.cularly import:mt in brillginB "bout brc.1kdo'tlll of 
planl mater 1.<11, hoth dirN'.Lly and through spn'ao of mi.c.roorr,anlsms.) 11le 
other 15% is m~Hk up or ;1 vlil'iel:y o,f .:-rrLhropoeJ:;, cHeh con:~titllting less 
thnll '1..% of the total llumb('r, illCllHJjlll~ Hymenoptera - ants (2), Thysanopter:l 
(2), Jlollloptera (2), Coll'optcr" (l-2),l)(:nnapler;~ (1), Diptc~ra' (1). Of these, 
the ;'1nt~; ilild h(.'ctlc.'fo m;1y be, pnrti('ulm.-l.y ililport.:mt as precl:ttors .:md as 
scavengers on :tnilildl rem;liIlS. 
1110. twit lwbitnt ovcrl::p~; \"ith ottH'l's. H.nny of the Game :;pccics of mitcs 
tnay OCCllr in the suil .1u<l OIl !'lie trunk:; of tree's in moist furcst sitlHltionf.. 
11\0 extent of prNl~lti.OJ1 on hcavil)';ll'lnon~ll CrypCostif,f,'.:Jtil by otlln!" lIliteH re-
quire::; furlhc.'r !;!:udy; it 111;1)' he tlIo:~t r.ir,nificant in ilr. ('ffeel on tlj(~ imllwtuf( 
ntnccs .:md on lCf;!: ~:cle1"otj,;.';('J !qwcil':; -- hcnc(~ tllt' l)}okclI 1.:i.IWB lending (rom 
Cryp tos l.igm~l t a. 
The COllt'1111wl<l ;lIld ·Crypl:o~;lil·.nl:lt~) .1!; gl'OUI':;, feed to n ~::iE~Il:ificant {!xtcnt .H; 
I.> nproph:lg(' I: , fungivore!;, .lIlll n11')vorc'! •• 
Reference 
Number 
1 
2 
J 
4 
·5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
JLS5 
Pitfall Traps on East Slope of ~Auna Loa 
(Hawaii IBP, Project C-9, Soil ~d Litter Arthropod) 
Releva No. or other Elevation Sampling 
loeation (ft.) Interval 
1 
11 8000 monthly 
15 1500-7600 monthly 
16 7000 . monthly 
17 6500+ every 2 weeks 
24 6200 every 2 weeks 
76 5200+ every 2 weeks 
21 5200 every 2 weeks 
40 4200-4400 every 2 weeks 
Kipuka Ki Weather Station 4100 every 2 weeks 
19 4000+ every 2 weeks 
38 4000+ every 2 weeks 
18 3500+ every 2 weeks 
Kilauea Forest Reserve 5600 every 2 weeks 
(nr. rain gauges 9-11) 
Kilauea Forest Reserve 5600 every 2 weeks 
(nr. malaise trap on transect 1) 
(110m from base of transect) 
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Progress report on 
Cavernicoles in Lava Tubes on the Hawaiian Islands 
c-~ (cun tinucJ) 
F. J. Radov!.lky 
1<'. G. lIowar th 
The discovery of a native component of the Hawaiian fauna adapted to 
living in lava tubes was ~de on an I. B. P. field trip in July, 1911. Sub-
sequent field trips have shown the fauna to be a unique one and of signifi-
cant potential for ecological and evolutionary res€arch. Because of the 
simplified ecosystem, caves have been used in continental regions as 
ecological laboratories. Also. the remarkable adaptations of cavernicoles 
have made them favorite animals for evolutionary biologists. Therefore, 
the discovery of troglobi tea (obLigatory cavernicoles) in caves on an 
oceanic island offers tremendous potential for the goals of I.B.P. A 
preliminary report of these discoveries is being published in Science. 
Progress to date on the cave studies shows that the variety of organisms 
that have become cavernicolous is remarkable, as the cave ecosystem has 
been invaded by the elements of the disharmonic Hawaiian fauna. These, in 
many instances, are not related to the cave fauna of the continental regions. 
The study has already shown the fauna to be not as disharmonic as it was 
presumed to be. Two new family-groups not previously recognized in the 
native fauna have been discovered. Are these relics of an earlier fauna? 
A preliminary list of cavernicoles is appended to this report. 
Mos.t troglobites are known from temperate regions south of the maximum 
glacier advances, and are mostly relics ... ri th no close e.pigean relatives. 
The few previously known tropical troglobites are aquatic, apparently relics 
of former sea levels. This has led to the hypothesis that troglobites 
evolved after their epigean relatives became extinct as during glaciation. 
The small populations isolated in caves survived and evolved to specialized 
cave organisms unable to survive on the surface (T. C. Barr, 1968 Evolu-
tionary Biolo&l Vol. 2, 35-102). 
Island evolutionary biologists~ on the contrary, have hypothesized a 
founder principle whereby, when a small population, even a single fertile 
fem.."lle, becomes es tablished on a new substrate it differentiates, sometimes 
very rapidly, into a separate species from its progeni tor. The explosive 
adaptive radiation on oceanic islands seems to show that speCiation can 
occur on a single island with the only physical barrier being a switch of 
host plants by a popUlation of a species. The exciting discovery of a 
troglobitic fauna on an oceanic island known for its remarkable examples of 
adaptive radiation offers unparallclled possibilities. No\v, for the first 
time, these two theories miCht be reconciled, if indeed they are different. 
I propose to survey the fauna of Hawaiian lava tubes and to study the 
ecology of this simplifi.ed ecosys tern and the evolution of its organisms. 
Bec~use of the overlap this survey is being coordinated with the I.B.P. 
soil arthropod fauna studies of Dr. F. J. Radovsky. As many different 
caves as possible will be surveyed from sea level to the moss desert. 
Notes will be taken on physical parameters of the cave and biological 
correlations between organisms to Get their distribution, rates of dispersal, 
dispersal mechanisms, and biotic interactions. After the initial survey 
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has sh~~n what organisms are import~nt in the ecosystem. sampling methods 
will be devised to check population sizes, arthropod-arthropod interactions, 
and prcy-prcd<'\.tor interactions. A food web for the caves can then be con-
structed. Preliminary observations have shown that the number of organisms 
counted in a unit length of time, an hour or more, is related to the 
population size. This technique. and various types of traps and markings, 
can be standardized to estimate populations. 
The study will show what types·of caves are significant for troglobitic 
evolution and will lead to liypotheses on the factors in and rate of evolu-
tion of troglobites, which may be quite significant. 
I would like to initiate studies on the slime fluxes within caves. It 
is hypothesized now that thes~ may be chemoautotrophic bacteria breaking 
d·own the lava and providing food for some of the cavernicolous arthropods. 
Also, many of the lava tubc3 have little overburden and tree roots form the 
major component of the biomass. These subterranean "aerial roots" offer a 
significant opportunity to botanists to study the transport systems c:!nd 
phenology of tree roots. At least on the newer lava flows on the Mauna 
Loa and Kilauea massifs, it is assumed that these roots are little modified 
from those penetrating 'cracks in the lava, so that one can study the root 
systems of a tree ~ situ without disturbing the plant. This offers as yet 
untapped potential for research on root systems. These are studies which I 
am no t quali Hed to really ini tia te. However, I will be very willing to 
a:ld other specialis ts 'vanting to work on these. 
Publications: 
F. G. Hm.lar th, Cavernic'Oles in Lava Tubes on the Island of Hawaii, Science. 
In press, (Contribution ~!o. 1 Hawaii IRP/IBP). 
Appendi.x 
Cavernic-oles from Hawilii and f-auai: 
Thysanura--Nicolet~ ~efnertl 
Orthoptera--Gryllidae 
lli~u2!!a.t;os..l)'J}_~ new species 
Nemobiinae? unkum1n genus and species 
Hemiptera--Mesove3 ii dae--? new "pecies. one troglobitiG 
Homoptera--Cixiidae--l neu species: troglobi tic 
Coleoptera--Carnbidae--Tachys arcanicola 
Araneida--Lycosidue?I--2 new species, one troglabitic, one perhaps so . 
Amphipoda--l new species, troglobi tic? 
I also have collected species of Isopoda, Collembola, and Acarina which 
show some modification but have not yet been identified. Myriapoda, Diptera, 
Lepidoptera, and other representatives of the above groups, probably all 
surface species, make up most of the remaining collections. 
158 
Progress report Oll effects of diseases of 
insects in Hawaiian ecosystems. 
C-12 
Minoru Tamashiro 
Michael Conant 
UnO'siphita ~ol1alis is the principal herbivore, aside from goats, 
on Mamane. The larvae of this moth periodically reach population levels 
which nearly de~oliate entire ·trees of Mamane~ its principal host plant. 
Damage by.!!.. po;tygonalis is indicated by leaves and stems webbed 
together. Damage characteristic of the first hlo instars and often the 
early part of the third is small areas of surface feeding on the leaves 
within the webbing. During the la.lt part of the third instar and during 
later larval instars the leaves and stems within the webbing are either 
partly eaten or entirely consumed. The larvae are gregarions and up to 
forty-six first instar larvae, probably frolTl the same egg mass, have been 
collected between the webbed leaveG of only two sterns. The webbing 
usually contains the sawdust-lik~ fecal pellets. 
Uresiphita ££!lgonalis was first collected in Ha",aii on Haleakala by 
Blackburn before 1881. It has since been collected on Oahu, Kaua!, and 
Hawaii (Ziwnerman, 1958). 
The highest populations of this insect occur between 4,000 to 6,000 
fe·et in open, dry forests composed of Kon, Mama.ne and Naio, or just 
Mamane. The adult flies readily during the day and has been observed 
feeding on the nectar of grass flm1ers. 
The adult moths have a wingspread of about thirty millimeters. 
There is considerable variation in wing color and pattern. 
Q. polygonalis develop, mate and lay eggs in the lab, so there iS,a' 
constant supply Ot"'insects "for the study. Development from egg to adult ... 
takes about fifty Gays at tHenty-three degrees centie;rade t-lith the larvae 
feeding on Mamane leaves. 
The female moths usunlly lay thei.r eggs in groups of about thirty on 
either side of the leaf. Total ilumber of eggs laid per female will be 
determined. The eggs hatch in four dnys,md the first instar larvae 
. -
emerge measuring t\,'O r.1ill:i.meterf:. long. T!:e larva molts six times. The 
first four of the six instars last four days each; the fifth stage lasts 
five to six days and the si:ld::h stage eleven to twelve days. At the end of 
the sixth anri last larvnl si:a~e the fnll grown In rvae, now measuring twenty .. 
eight millimeters long, moves fr,)m the leaves to the ground, changes color, 
spins a silken cocoon under rocks or leaf litter, and pupates. The pupal 
stage lasts for fourteen days and then the adult moth emerges from the brown 
pupal case. The larval coloration and markipgs vary in different instars; 
the first instar larvae have a blclck head capsule and no lateral markings. 
Later larval instars have brown head capsules and black and yellow, 
longitudinal, lateral stripes until the later part of the last larval iustar 
when the larvae change color from green to brown and lODe the lateral yellow 
stripe. 
" 
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An artificial diet for ra~s~ng the larvae aids in standardizing results 
and is more practical in food handling. Zimmerman (1958) states in England 
the moth feeds upon Genista, Cystisus and on legumes. Two agar base legume 
diets, Harley's diet and Pinto Bean diet, have been tried but development is 
slower and pupal and adult sizes are smaller than the field-collected pupae 
and adults. A lima bean diet will be tested, but results thus far indicate 
a modification of one of these diets will be best, substituting blended 
Mamane leaves for part of the standard legume portion. 
In the lab the adults are fed a one-third honey and two-thirds water 
solution. 
Zimmerman (1958) quotes Perkins (1913: clx): "These caterpillars also 
eat the leaves of Acacia koa ... TT. Host suitability tests of Koa are being 
conducted and development on Koa, if it occurs, will be compared to that on 
Mamane. To date no IBP workers have observed the larvae or eggs on phyllodes 
or juvenile leaves of Koa. 
Periodic sampling of Mamane are made at selected sites: 
a. Mauna Loa Strip Road - 4,300 feet 
b. Mauna Loa Strip Road - 5,000 feet 
c. Mauna Loa Strip Road - 6,700 feet 
d. Pohakuloa - 6,400 feet 
e. Saddle Road 
(near Kilohana) - 5,300 feet 
Foliage is taken from each of ten trees in each area, g~v~ng ten 
samples per area. Sites are sampled once a month during periods of low 
population and twice a month during periods of high population. Late 
instars are easily shaken from the tree so the same trees are not utilized 
for each sampling to insure sampling techniques don't affect the population 
of the insects sampled. 
The samples are taken back to the lab to obtain the nllmber of insects 
per leaf surface area. The leaf surface area is obtained by drying the 
leaves in an oven. The dry weight of the leaves is converted to surface 
area in an equation using predetermined surface area per dry leaf weight 
known for that location. This ratio is compared with previous sampling 
ratios to determine if the population is increasing or decreasing. 
------------------------- ------------ -------- ------- ------
Initial samples were taken ,July 3, 1')71. Those and Clubsequent counts 
show that at4,300 and 5,000 feet on Mauna Loa the population had previously 
peaked. The decline at the two elevations continued through mid J-uly and 
the population sharply decreased in late ,July. From the end of ,July until 
the time of this report, the populations at these two sites are only 
evidenced by an occasional egg mass, larva or adult sighting. U. 
polygonalis remains present at these elevations during this time in very 
low popUlations. 
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At 6,700 feet on MaUM Lo.c1. on July 3, 1971 the population appeared to 
be at its peak. Although there were no pr-evioHs figures for the 
comparison, observations 'l'lere t'£'de befor2 sampling techniques ·were 
developed. 
Obaervations at 6,700 feet: 
a) Before June 15, 1971, no adults; eggs larvlle or larval damage 
was observed at 6,700 fect. 
b) On June 15 82veral adulta were obzerved. larvae present 
were early instars, first nnd second; and damage was slight, 
small areas of surface feeding chal'ucteristic of early 
instars. 
c) On July 3, adulb; \'~et"e mon~ nUr.'lerous than on .June 15. All 
stages of larval development \-lere observed, although early 
instars were predominant •. Webbing was more evident than 
before. Both types of feeding damage Vlere present, small 
areas or surface feeding, nnd stems with leaves in part or 
entirely eaten. 
Counts at 6,700 feet on Mauna Loa on and after July 17 show the 
population at this location sharply drop's off. Adults sighted were few. 
The numbers or eggs and larvae seen and collected on and after July 19 
indicate the population is pres.ont in vary low numbern up to early Octob.er. 
Af1:er october 3 there were no indications of!!.. polygonali! at 6,700 feet,. 
Population declin8 at the oth~r sites is similar to that on Mauna Loa, 
the sharp decrease near Kilohana occurring bm l':,ceks later~ 
The ractor or factora effecting thi.s sharp decline should be 
categorized and evaluated. On f'.zmna 1,03 pnrvsltism exerts partial control. 
Insects collected in the field ~re rearnG in the IG~ for incidence of 
parasitism. Two egg masses Ourt or seve" coLlected were parasitized by a 
Tricho~ramma Spa and no larvae hatchede Death from parasitism by Diptf?.ran 
and Hymenopteran parasiteo varied from tNen~J-three to thirty-five percent, 
averaging twenty-nine and a half percent. 
The populations or part of the~ ~ay be movin~ to lower elevations. 
Larvae have been collected nt 1,900 f<!Bt on t·:amane near Hualalai bet,-;:een 
~~~~ ___ PllllJnahulu and Huehue Ranch. At 10",,£:: elev,ltions the population could . 
maintain itself on other host plants, e.g., as it does on legumes in England. 
Ziwmerman (1958) quotes Perkins (1913: clx): n ••• and the moth sometimes 
occurs in places where no Sophora gro.ws ••• tf. More obBervations must ~ mads 
at lower sites. 
Another answer to th~ decline could be diapause, to escape unfavorabl~ 
conditions. To investIgate this, 11 bio;eli.:'1l3.tic cabinet will be used to-
subj ect the insect to \~l'Yii1g conditions of li~h:1: emil temperature to see if 
these factors can cauee !H.a~U3'1 in this ir~ect. The bioclii1'..atic cabinet . 
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itvaildhJt' can't control I."cL]tiV(~ lllllni.dHy; it \·JOlllrl he interesting to 
.ill\·('stj~~db~ the' ercl,(,ts of v.lrying hllmi(Hty. Hainfall vall\es .1.t 5,400 lInd 
5~()OO J\'\~t :;:1111\11 ,I yearly lr.M in ,Jllne, just hefoec the poplllation decline. 
r.h'lI'l(~f' rillllOlll'('~\IX iR st:1lI1yillg the phenology of H<lmane <lnd the 
poplll<1tion f]llctUi\tioIlS or !!... ~Ly"i.~:!!~ will be! exandn(·d for relationships 
,."i171l his l'esults. Tn d(1te it appears the h10 are not related. 'flwre \oJas 
no i.nCl'pas(~ jn insect number dlldn~ Octoher and Novc'mher, t\oJO monthR when 
Namflne s!1O\oJed increases i.n budding nnd gl'Olvth. 
In tlw Kilohana area on Snfldle Roarl there is a virus disease that 
periodically (lecimates hi;:;h popUlations of the larvae. Here the disease is 
n Illn,jor filctOl' exerting control on larval populations dl1ring times 'vhen 
these (l.r(' high. Up b) eighty-six percent of larvae collected ft·om this area, 
brought hack and reared in the lab under crowded conditions, have died from 
this disease. 
The virus is a nuclear pol yhl'"!!lrosis virus characterized by cuboidal 
shaped polyhedra. 
The vi ru:-; disintcgl'ates ttl(' epidermis ami most of the intf!rnal. tissues 
of the larva, Virtllfll"ly liquifying 1:1w insect in a cuticlllnt" sack. When the 
cuticle is rupturnd the polyhedra spill out and are scattert>d to other parts 
of tIl(! tree \oJhere they can be eaten by other Inrvae, spreading the disease. 
Larvae tllilt died in tilL' 1,\1) and nead larww collected from the fif!ld 
",et'e j1ulvt!rized .1l\!1 this maRS wa~ n.ltcred, tilf'n C'Pl1terfl1ged. The polyhedra 
twttled as a white layer. TlliR Inycl' WilS uS0d <.IS iln innoelllllln. Ten virlls-
frt!t! larvae ,,,ere fed ]0ilVPS dipp!!d into the innoculmn aml 1:t'1l control larvae 
'''(>l'e l\,d leaves fUpped into distilled water. The larvae fed tlw polyhedra 
(Ued, the control larvae developed throngh t:o n<1ults. Slides made of the 
ten dead larww sho\l!ed <111 lal"V;lC were londed with polyhedra. The innoculum 
\\lill he uRed ror i1 series of tPf'lts <1nd dilutions 1:0 netermine the vinllence 
of the virm;. 
Larvat' dying from this disease fin"t show signs of delayed development, 
the time t",k('n by the III l.'V;:W to go th rYHlgh an i.nsta r is i.ncreased. The 
rli.scast,d Inrvae are small er than i1('althy liu'vae or the same age. 1\s the 
(Jisotlse progresses the 11l1'V;:W bec()nl(' slu~gish ann no longer eat. They 
dC'velnp a shiny, ,.;rhitl~ cnlor heneath th(~ jntegument from the masses of 
polyhedl'a prcspnt. 1'ina11y the larvae become a frilgi.le sack, hreak open, 
and tlwir cOlltenb; flow nut. Often the lal'vae will climh then die hanging 
by thpjr pro]<'j.{s, spreaiHnJ.! tlw rlisease over a relatively large area. 
This rlisease hilS only been recovered from the Kilohana area on the Saddle 
Road and not on Hannil Loa. At Kilohanil the ecosystem is simple, composed 
llIostly of open pastun~ Innd HUh I(M grasses ilnd RClittered !-ia;r:ane trees. This 
an,a is overCl.lst milch of the timp., increasing chances of virus survival by 
reducing exposure to the lethal rays of the SilO. 
ZillUner1Jliln, I:. 1958. Ins(!cts of Hawnii, Univ. of HI Press, Honolulu, Vol. 8 ~ 
115-11R. 
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Progress Report 1970-1971, Evolution of HnJaiian Honeycreepera 
A. J. Be'(ger 
This rl~port includes progress statements on the two 
primary facets of the research on the endemic Hawaiian 
honeycreepers. 
1. Compar~tive functional anatomical studies: 
This long-term study was initiated in 1966, and was 
supported, in part, for three years by NSF Grant GB-5612. 
It has been supported since 1970 by the present grant. 
a. Robert J. Raikow, an N.l.H. postdoctoral fellow. 
joined me in 1970 to work on a study of the "Anatomy and 
Evolution of the Hawaiian Honeycreepers." Raikew accompanied 
me in the field on Hawaii for the period January 11-14, 1971 
in order to have the opportunity to observe both the nectar-
feeding and seed-eating honeycreepers in their native habitat. 
These observations were made in the endem:f.c ohia-tree fern 
ecosystem (Volcanoes National Park and the Kilauea Forest 
Reserve) and in the mamane-nai~ ecosyst~~ (on Mauna Kea). 
Raikow later also made one trip to Kaua! in order to observe 
at first-hand the behavior of certain ~pecies of honeycreepers 
that are confined to that island. This field experience 
complemented the observations on feeding and locomotor 
behavior that he was able to make on the several species of 
captive honeycreepers in my laboratory • 
. Raikow proved to be an exceptionally well-trained zoologist. 
who gives every promise of becoming an outstanding scholar in 
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the field of avian and ccmpa~ativ~ anatomy ~ith special 
reference to the functional ana 2volutional'Y interpretation 
of morphological data. The ccmpledtics of the prohlec ha 
undertook were such that he could not possibly have completed 
the research in one year t auJ, even thOUg:l he TJas awarded the 
N.r.H. fellowship for a second year, 1 egrc2d with him that 
his only sensible decision ~as to decline the fell~~ship and 
accept a permanent-type position in the Zoology ncpartment of 
the University of Pittsburgh, effective in September 1971. 
Dr. Raiko\,; has taken all necessary anatomical material with 
him, and will continue the research in his Il2l-7 position. By 
the end of 1972, he should be in a position to begin to publish 
significant contributions of interest to ornithologistg, 
anatomists, and taxon~mistc. hie findings will be essential 
to my goal of attempting to clarify the tar-anomy 8L~d evolution 
of the honeycreepers. 
b. Dr. Richard 'E. HaclUllei!. (Uui'Jereity of California, 
Irvine) spent July al'ld August 1971 in tho laboratorie3 af the 
Department of Physi'blogS of the HJlnoa. C:'l1:.PUS of the University 
of Hawaii, where he received the full cooperation of Profes30r 
Causey Whitlow. MacMillen conrlucted themoregvJ.atory studies 
on several species of primarily nectar-fec2ing honeycreepers 
from my av1ariee. r!'~cla:'le:1 h~ ned e.xtensive experience in 
such res~"arch "both in Nort~ America ani: l'J . lSt-;;:J;iU .. 8.. The repo-rt 
on his'work O..'l the hor:.~ycre~pera U pr~oented under Suhproject 
D-3. 
MaCMillen plans to ~eturn to Honolulu during the summer 
of 1972 in order to broaden the scope of his work to include 
a physiological Btudy of some of the finch-billed honeycreepera. 
The data he obtains obviously will be ~f significance to an 
understanding of the physiological adaptations of the honeyereepers 
to the Hawaiian ecosystems in which they evolved. 
It is my feeling that I could not have found two more 
competent collaborators than MacMillen and Raikow for this 
asp~ct of the research. 
c. Dr. Walter Bock (Columbia University) is continuins 
his studies of jaw morphology and evolution of the American 
nine-primaried passerines, which includes the Hawaiian 
Drepanididae. The anatomical studies of Bock, Raikaw, and 
myself are complementary, and we will share'anatomical material, 
especially of those species that are now classified as rare 
and endangered. 
2. ~sological and biological studies: 
I collected data on the distribution and numbers of 
species found in the transects~rom above tree line to sea 
level) on Mauna Loa and Mauna Kea, 8S well as in the Kilauea 
__________ .:::...F...:..o.:::...r...:..e~s_t_R_e~serv~ and the l,aupahoehoe Forest Reserve. The latter 
two areas repre~ent near-virg~n ohia-tree fern forests, and 
are, therefore, of special importance in a study of the 
honeycreepers. I have obtained considerable circumstantial 
evidence that introduced. rats prey on the eggs J young, and 
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adults of nesting honeycreepers. 1 worked in both of the 
forest reserves with Dr. P. Quentin Tomich because of our 
mutual interest in finding reliable methods for determining 
the interrelationships of the birds to both rats and pigs. 
Tomich and I also spent one day in the Kilauea Forest Reserve 
with Dr. Gordon Wallace of the U. S. Public Healtb Service, 
who was especially interested in &8sess1ng the feasibility of 
obtaining information on viral diseases carried by tbe rodents 
and. pigs. 
I spent four days in the Laupahoehoe Forest Reserve on 
the slopes of Mauna Kea with David B. Woodside and John Giffin 
of the State Division of Fish and Game. Giffin has been 
studying pig populations on Hawaii for over a year, and will 
assist in our work in the Kilauea Ferest Reserve durina the 
coming months. The lower portion of the Forest Reserve remains 
in a near-virgin condition and ie excellent habitat for endeaie 
birds. The upper portion, however. has a serious infestation 
of banana poka. and Giffin reported that this forest supports 
the highest density of pigs that he has yet found on Hawaii. 
The destruction of 3rou~d cover and seedlings by the pigs vas' 
conspicuous throughout the forest. 
On July 8-9, 1971, I served as host to introduce 
Dr. G. P. Baerends (Director of the Zoological Institute of , 
the University of Gronigen, Netherlands) and his wife to the 
maaaqe-ll8io and the ohia-tree fern eoosystems on Mauna lea. 
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Dr. George Barlow (University of California, Los Angeles) 
joined us on July 9. 
I joined Dr. Lin Gressitt, Dr. Elmo Hardy, and 
Mr. Wayne Gagne on a two-day field trip to Molokai in mid-
July. Our gu1.de was Mr. Noah Peke10, of the State Divit;lion 
of Fish and Game on Molokai, who is very knowledgeable about 
the ecology of the island. We hiked the trail to Puuko1eko1e 
one day, and visited the Moloksi Forest Reserve the following 
day. Each of us had mUltiple reasons for this special field 
trip. Gressitt is the Chairman of the Governor's Natural 
Areas Reserve Commission, and I am the Acting Chairman of the 
Governor's Animal Species A~visory Commission; Hardy and 
Gagne are active in the work of both Commissions. Each of us 
also was interested in our joint efforts in collecting data 
on the ecosystems we visited, and we were impressed by seeing 
the great damage done by feral goats in the drier regions of 
the island. 
Dr. C. Robert Eddinger completed all requirements for hie 
degree in 1970. His doctoral dissertation was entitled "The 
Breeding Biology of Four Species of Hawaiian Honeycreepera 
(Drepanididae). II Eddinger haa now submitted his significant 
paper for publication. 
I completed a six-year term 8S Chairman of the Department 
of Zoology as of June 30, 1971, and will be on sabbatical 
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leave for eight months, beginning January 1, 1912. Nearly 
all of my time will then be devoted to the research on the 
endemic Hawaiian birds and their interrelationships with the 
ecosystems they inhabit. 
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Progress Report: Small mar::.:lals of Kilauea Forest 
Reserve, October 8, 1971 
D-2 
P.Q. Tomich 
Trapping for small mammals began in April 1971. On Transect I are 
60 traps spaced at 15 m intervals. Forty are cage-style tra~s ~esigped for rats 
and mice, and they will capture an occasional mongoose. Twenty (every third 
trap in the line) are standard rat snap traps. All traps are baited with 
squares of fresh coconut. Snap traps are employed to capture rodents for 
a study of food habits of those killed at the moment of capture. All ani-
mals caught on Transect I are removed to the laboratory for collection of 
ectoparasites (Dr. Radovsky's interest) and biological data. None is re-
turned to the forest. 
Transect II has 40 cage traps arranged and operated like th~se on Tran-
sect I, and every third trap in the line is a heavy-duty mongoose live trap 
instead of a rat snap trap, so there are also 60 traps in all. Mongoose 
traps are baited ~d.th meat trimmings, mostly tallow. All animals taken on 
Transect II are released at the site of capture after marking with ear tags 
(rodents) or toe-clipping (mongoose~). We also weigh each animal, deter-
mine sex and take other biological data. 
The trap lines on Transects III and IV, re~pectively, replicate those 
on I and II. Each of the four lines is operated for three consecutive days, 
on a bimonthly schedule - Transects I and II in one month and Transects III 
and IV in the ne:;t. Trails connecting these pairs of transects near their 
far ends are mar!::ed to facilitate l'70rking the trap lines. Cady stripe is 
the distinctive tape for the small mam~al t·10rk. 
Species co~.position in the first loa captures leas 87 g~!.t.!!~ '!J!!!=~ 
(roof rat), 6 .N~~ .!:':!!!Lr::.!:!!.lli'! (house mouse), 6 .R?_~1?;!=.§..lli .§.!:!..r:.QJ~y.n.£..t.~.1!§. (mon-
goose) and 1 R ... D2.EY.~P.\;~c~ (Noma] rat). Hith a total of 1800 trap nights 
we have caught about one ~.mall mammal to 17 traps set. 
The roof rat and the Mongoose are very much at home in the forest. 
Although the forest is soggy nuch of the tine, abundant shelter is found 
beneath the large !toa trees, ~·1hp.ther stl'.:1oing r-:: falle:1. The prominent 
roof rat is not obviously controlled by th~ m0:130o~e. Factors other than 
predation probably account for the observed scarcity of the house mouse 
and Norway rat, and the apparent absence of the Polynesian rat ~. ~xulans). 
We need to concentrate our efforts on the effects on the forest eco-
system of the roof rat. Dr. Berger has found Durpriningly abundant evidence 
of predation by rats on nests of endemic birds. Perhaps the remarkable 
thing is tha t the apapane, 11".o7i, amakihi, omao and e lepaio are re la ti ve ly 
common in the forest. 
Our study of food preferences in the rodents has not advanced beyond 
the collection of stomach contents. Assistance is still needed here for 
their analysis. One thing that we have been seeing is that some rats have 
blue fore paws, stained from handling and eating the fruits of some shrub 
or tree. Cheirodendron may provide this sort of food. Fhenology of the 
vegetation should be correlated w'ith the seasonal feeding habits of the 
rodents. 
We are gathering base-line data on diseases of public health importance 
fDr_t~o~o~operati~g ~g~n~ies. The NIH Pacific Research Section (Dr. Gordon 
Wallace) is inter~sted in the -incidence- ox Tox.op-lasma and- the-St:aLe HeDlth 
Department (my organization) wants to learn about Leptospira in the Kilauea 
Forest small mammal populations. 
Beginning this month we will be trapping at 9 selected sites from 3,000 
to 7,000 feet on the Nauna Loa Transect, at quarterly intervals. 
Trapping periods ~t Kilauea Forest for the rest of the year are: Octo-
ber 21-24, November 18-21, and December 16-19. 
170 
Summary: Small mammal trapping April 1971 -
Nov€r.1ber 1971 
D-2 
P. Quentin Tomich 
A progress report dated October 8, 1971 outlines field and laboratory 
procedures for the small mammal sampling program. 
Pooled data for Transects I-IV in Kilauea Forest Reserve (Table I) demon-
strate the follol>ling species composition in 156 captures: ~ull ~J! (roof 
rat) 83%, H~rpestef! .2..l!!oPul'lctatl!1'!. (mongoose) 10%, .t1.~ £'~1.!:!.§ (house Mouse) 
6%, and RpJ:~t;.!-!.Q Jl.Q.~v_~giSJJ.F!. (Non~.:ly rat) and FeH~ s:~ (feral cat) each less 
then 1%. O::1e small mar.1mal uno captured for each 16 trap nights. 
It is im~ediately obvious thnt the roof rat m~intains a stable and mode-
rately larg~ population in the foreat. Almost certainly it is the nost import-
ant of the small £!!:!tr'.::,als, .r!nd along 'Jith the feral pig it [,1:lY have a profCtund 
influence on the character of the forest ecosystem. 
The congoose is also very much a~ home in the forest. Although the 
habitat is soggy much of the time, abundant shelter is found beneath the large 
koa trees, both standing and fallen. The roof rat in very obviously not deci-
£!!3ted by the mongoose. Factors other th~n predation probably account for the 
scarcity of the house mOUDe and of the Non-my rat, and for the apparent ab-
sence of the Polynesian rat (R.,. ~;::t,1.1J:l!1~). 
We need to concentrate our efforts on the effects of the roof rat on the 
forest ecosystem. D~. Berger has found surprisingly abu~dant evidence of pre-
dation by rats on the nests of end0.!!1ic birds. Perhn.ps <~~ remarkable thing 
is thnt the apapnnc, iiT'!I, cma!c:i_hi, omao, elepaio and crr!eper are all relative-
ly common in the foreet. 
Biological data on the sm"lll t:1(1C"!als are coded as collected and ui1l be 
analyzed \'7hen progrnm~ed, by the end of the first year of field study, in 
June, 1972. He are particularly interested in defining ~he annual cycle of 
the roof rat through the pA.r~~eters of age structure, sen~onal density, re-
productive patterns and rates of survival. Comparative studies are being made 
bet':'7ecn cO:!l':!lunities of rats ~'Jh!'?re trapped animals are removed and those ~'7here 
they are released. 
Our study of food preferences includes the preservation of stomach con-
tent~ of kill-trapped rats. Technical assistance for identification and quan-
tification of food materials is being sought and support for this activity 
is to be proposed in the ne:'{t budget. He have noted e::':2.'TIples of rats eating 
the starchy core of p_~bot~~~, sor.etimes extensively, and seasonally a blue 
staining of the forepnNs of rats that apparently he.d eaten the fruits of lle.:~. 
These and other observations Hill be correlated with !,~lenological studies of 
the vegetation. 
A second seg~ent of the small mar.~als study includes 9 sites at relev/s 
on the Mauna Loa Transect, from 3,000 to 7,000 feet elevation. Sampling be-
g~n here in October, 1971 and is projected through December, 1972 when trap-
ping will have been done quarterly for 117 trap nights at each of the nine 
sites. As in Kilauea Forest, this segMent uill provide ~~terials for the 
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study of ectoparasites by Dr. Radovsky in addition to biological studies of 
the small mammal hosts themselves. To date, with 234 trap nights, 20 Mus and 
7 !. rattus have been taken on the Mauna Loa Transect. 
We are gathering base-line data on diseases of public health importance 
for two cooperating agencies. The NIH Pacific Research Section (Dr. Wallace) 
is interested in the incidence of Toxoplasma in populations of small mammals 
isolated from human populations, and the State Health Department (my organi-
zation) is i~quiring about possibility of Leptospira infection at higher ele-
vations. 
Dr. Wallace reports as follows on his results for Toxoplasma: 
!ITo date we have received and tested sera from 59 Rattus rattus, three 
Mus musculus and one mongoose captured in the Kilauea Forest Reserve, and two 
!. rattus and five N. musculus captured on the Mauna Loa Transect. Of these, 
two~. rattus and the mongoose from Kilauea and two of the mice from Mauna 
Loa were positive. It is of interest that the three posit~ve Kilauea animals 
were captured in the same general area, Lines 1-8, 1-41, and 1-45. Also of 
interest was positive results in two of five mice. On Oahu, the prevalence 
of antibody in this species has been remarkably low. II 
The Waiakea Health Center of the State Health Department (Hila) has cul-
tured kidney tissue from 26~. rattus from Kilauea Forest for evidence of 
leptospirosis (September-November). All specimens have been negative. Low-
land populations of ~. rattus in Hawaii are often 30 to 50 percent infected 
with Lp.ptospira. 
TABLE 1 
SUMMARY OF SMALL ~~L TRAPPING ON FOUR TRANSECTS IN KILAUEA FOREST 
(April-November ,1971) 
TrLlnsect I-II I-II III-IV I-II III-IV I-II III "IV 
Total % 
tA..onth Apr June July Aug Sept Oct Nov 
Species & 
Number 
Nus 1 4 1 0 0 3 0 9 5.8 
----------~~~ 8 ----n- 12 ~ 29 -------ZO IS 130 83.3 
~. norvegi-
~ 0 1 0 0 0 0 0 1 0.6 
Herpestes 1 3 0 0 2 4 5 15 9.6 
Felis 0 0 0 0 0 1 0 1 0.6 
Total 10 30 13 2/j. 31 28 20 156 99.9 
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Physiological ecology of some terrestrial Ha~-Jaiian 
birds and mammals. 
R. E. MacMillen 
The months of July and August 1971 were spent on the subproject work-
ing in the laboratory of Dr. G. Causey Whittow, Department of Physiology, 
School of Medicine, University of Hawaii. During this period of time 
complete measurements of oxygen consumption, pulmocutaneous water loss, 
and body temperature were made over a broad range of ambient temperatures 
(10-400 C) in the avian species (F, Drcpanididae) LoxoP2 parva (the anianiau, 
from Kauai) and Loxops virens (the amakihi, from Kauai and Hawaii). Both 
of these birds are inhabitants of the high forests (4,500 - 7,500 ft.) and 
differ markedly in body size: 1 . ..2.0.!'y'£, ca. 10 g and 1. virens, ca. 20 g. 
Doth species of birds, at least when well-fed and well-watered, are 
effectivu thermoregulators, and maintain a constant body temperature of 
about 400 C between an ambient range of 10 to 30°C. At and above 35°C 
both birds become hyperthermic: 1. 'parv,,, at an ambient temperature (TA) 
of 38.30 C hn.::'I, a body te~nperature (TB) of l~l. 70 C, 1. ~.!l§. at TA = 39.40 C 
had TB = 42.9 0 C. Such a hyperthermic response is not uncommon in small 
passerine bi::-ds. 
In the relationship beti!cen oxygen consumption and It'\, Loxops R.§lrva 
had a thermal neutral zone extending betueen TA = 33.5 and 350 C, in L. 
o -
virens thermal neutrality extended bet,~een TA :: 31 and 35 C. Basal 
metabolic rate in 1. ~~ (3,?2 ± SD 0.20 cm3 02/g/hr at TA = 32.5 0 C) 
was inSignificantly lo~V'er ~::lnn th,lt of the larger 1. vir~"M (3.41 ± SD 
0.34 cm302/g/hr at TA == 35 C), ~7hicb is cont::'ary to the general rule in 
passerine birds that basal metabolic rate is indirectly related to body 
size. 
While metabolic rate increased mrlrked ly with decreasing TA below 
thermal neutrality, th; slopen of these functions (thermal conductance) 
differed marked ly in:erspecificaJ.ly Hith the s::n,::;ller birds (1. parva) 
having considere,bly higher rates of heat exchange th:ln t',1e larger (h 
viren~). Regression lines fitted to relationships between oxygen con-
sumption and 'fA be lc~) therc~']l neutrality for ,1 •. 1?§l~.D: c.r:d 1-;. yi!Jill.§. 
are described by the equDtions X ~ 10.54 ~ 0.22 Y and X ~ 6.71 - 0.11 y, 
respectively (whr-:re X is c'xygen consu:nption in CiU3 02/g/hl' and y is TA 
in DC), 
Perhaps the most unexpected response noted was the nearly complete 
intolerance of the larger sped.es (~. vi.f.fj,lfi) to el<:!vated ambient tempera-
tures. Of a seMple of sn: 1 . .:L1:E.~§' sUDJected Eo 'IA 39 - 4UoC (theu 
usual body temperature) for two hours, fOLir birds ultim,"!tely perished; 
all of a sample four 1. E.~t;:.Y,§! surv:_ved e;;=posure to TA == 380 C, but none 
were subjected to higher TA• Under conditions of dl:Y air, and apparently 
stressful high temperatures both species were capable of only moderate 
evaporative coolinge in spite of rather high levels of pulmocutaneous water 
loss. At TA = 38,2 oC, 1- .P.1ll:.Y..~ had rates of pulmocutaneous water loss of 
45.9 per cent of body ueight per dey and 4.4 mg H20/cm
30 ; under these con-
ditions 0:'].7 53.2 per cent of t:,e '-',dogenous heo.t product'-~:a \-laS dissipated 
by evaporative cooling. In 1. 'yirens pulmocllta;1eous water loss rates were 
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59.8 per cent of body wt/day and 4.9 mg H20/cm302; 59.3 per cent of endo-
genous heat production was dissipated by evaporative cooling. 
These data reveal that in general the anianiau (1. parva) and the 
amakihi (1. virens) conform to the usual avian patterns of thermoregula-
tion and bioenergetics in their responses to the environmental temperatures 
normally encountered in their high forest habitats (O-350 C). However, 
their basal metabolic rates are unusual in that they are approximately the 
same in birds differing in size by a factor of two; normally the smaller (1. parva) would be expected to have a much higher metabolic rate than 
the larger (1. vireos). In addition, 1. virens is unusually intolerant 
of high ambient temperatures (390 C) which are normally well within the 
ranges of tolerance of mainland passerine birds. 
It is concluded that insular evolution of these drepanidids has re-
sulted in certain bioenergetic adjustments, and that the (presumed) ances-
tral ability to cope physiologically with ambient heat stress has been 
lost by the amakihi (1. virens), which lives in high forests where ambient 
temperatures exceeding 3SoC are seldom if ever encountered. 
This paper is currently in preparation, to be entitled, "Energy meta-
bolism, thermoregulation, and pulmocutaneous water loss in the Hawaiian 
honeycreepers, Loxops parva and 1. virens rr , and to be submitted to Condor. 
Genetic analysis of populations E-l 
The objectives of this project are to determine the degree of genetic 
variation in speciating and non-speciating organisms. Initially, we are 
examining the highly speciated picture-winged Drosophila (Drs. Carson and 
Johnson and Mr. Steiner) and contrasting their variability with a non-
speciating Drosophila, Q. irnmigrans (Dr. Paik and Mr. Sung), Reports are 
attached. 
We have also examined Metrosideros polymorpha, as an example of a 
successful non-speciating plant, and will eventually contrast this with 
a speciating plant such as Cyrtandra when suitable technical assistance 
becomes available. Mr. Steiner's report is attached. This project also 
relates to B-6, conducted by Miss Corn. 
It is too early to speculate about the results obtained to date, but 
the non-speciating Q. irnmigrans and M. polymorpha are clearly quite vari-
able. 
In order to correlate the activities of the Drosophila project with 
as many of the objectives of the IBP as p~ssible we have placed strong 
emphasis on work along the Mauna Loa transect and in neighboring forests, 
such as the Kilauea Forest Reserve and the Olaa Forest tract in the National 
Park. Samples of Hawaiian Drosophila \'lhich were used for genetic analysis 
by cytological and electrophoretic methods have been obtained by collecting 
teams (14 people have part~cipated);. Baiting was done in"a uniform manner 
in the same areas in April, June, September and December of 1971. In 218 
man-hours of collecting during the first three trips 1082 specimens of 
the large (picture-winged) Drosophilq were collected. The Olaa Rarest is 
richer in species (13) than the Kilauea Forest (6 species) and the flies 
are more than t~vice as dense (7.S/man-hour vs 3.1/man-hour). We are plan-
ning to extend these collections to include three localities along the 
Mauna Loa strip road. 
Eight of the 14 species found in the area display chromosomal poly-
morphism. Those species which do not have chromosomal polymorphism never-
theless display polymorphisill for electrophoretic variants. Genetic analy-
sis of population samples will be continued for another year in order to 
lay down a basis for the interpretation of 1) changes in adaptation in 
the event the environments are altered and 2) the relation of the genetic 
variability to speciation processes. Those working actively on this pro-
ject are H.L. Carson and E. Craddock (cytology) and W.E. Johnson and W. 
Steiner (electrophoresis). 
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l:>ro,grcsa RCP0l-t on Genet:i.cnl studies on Speciution of Dr03tiphila. 
E-l 
Yong K~Paik 
Kee C. Sung 
(Anu.1.yais of Polymorphic Stn.te of Inversions in Ihwaiian DrOf;o;phila inunigro.na) 
Full r.tn,tcment of' })rof7cr.s: 
During the lJ:1St 13 months we hnve initia.ted a. long-tenn research project 
in fln nttcmpt to elucidnte the evolutionary characteristics of' DrosoJZhiln. 
1-f:L'ltt~r1,ns, no member of eosmopoli tan species of genus Drosophila, in the Ha.waiian 
Islands. 
"L~cfore goin!; inte the details of the ex:r.erimcntal proccdures which have been 
follm.;cd anu. of the> rC0u1ts which have been obtained., it would be a.ppropria.te to 
dezcribe briefly t.he backe-:-01tncl of t.heoretical interest bea.ring on the current 
rc~ea!'ch project. As is \"ell kno.,n, D. Brent major::ty of Drosophila apecies are 
endcmi,~ to p~rti(:ul,',.l· Gcc,::;1.-nJ_';licru. u:cac of the earth. The ri~3.jority of studies 
Oil t.h!~ (>volutiona,ry aZ1).~ct (,.f },;ro::;ophila huve been mn.:i nly confined to such 
(~~ld.emic specie!] J 0.:1<1 the ini'ormation of their eYolutionary characterictics is 
no .... ; nbunrlo.nt and well oreaniz.cd.. On ~.;h'~ other hand, 'the mo.jori ty of the 
co~mopolit~n Dpecies have been put aside fro;n stuiiy simply as "narro",ly-adOopted" 
:mccic3 to some specific niches in or near llum:m habitation. p~os0I'hila immigrans, 
however, bi.IS been fcund to occur in t1, qunsi-nc~t\lro.1 ::;"tntc on every continent, 
L"¢l.!lh'n't1y rC'm·')te froin hwnt..n habItation. This in, on the whole I o.n cxceptlonlll 
~;it\.w,l;ioi1 in:;o1'o.1' £'>3 tl:e h~bito.t of the co;;mopolitn,n cpccie:; i:; concerned. Recently 
. CarGon (196::;) pointed out a. l,;ore jnterestinu; situation of' the coloruzu.tion of 
" Drpg.9"philn }.m:nirr,ran::; in Ho. .... crii "There the species appears to be truly invading the 
nt'.turaJ.. s't.:tte· und even succe5sfully colonizing endemic niche~ of mounto.insides, 
cornpctine there with the endemic }lD,~'"8.iian Drosophila. This remarlt.a.ble feature 
of this Gpccics in }i':lI'luii has encouraGed th~ T,rcsent invc[:tieation, whic...~ is 
directed to\lurd ::l.nn.lyzinG the underlying mcchD.ni.5l1lS of the GiJrerior adaptability 
of D. irnmif';rnr.:-: to a large nwnbcr of different ecological niches in Hawaii. From 
a theoretical point of vIm'T, th<'! r;uccess of this ~pccic~ in Hawaii, measured in 
tc·r.m~ of' coloni~.ine ability, can be cxplnincd in various wn:Ya. First, this might 
be o.chh"FCd either by r;upcr:iol' TlhenotYJ>lc lvl;ju::;'tmcnt if ccrtuin parte 5) of the 
genome C:"iJld ::;ervc to gcncrn.i.;e a. kind of homeo:; tn.tic :.:l.bili ty to invade various 
ecolOGical niches without eenctic change. Se(~ondly lit might be achieved by 
superior genetic aciju:3"t;n1Cnt throueh the formation of ccotypes (races) by 
selection ""uel rer.ult!3.nt local genetic chance. The third vossihil5.ty is thc.t such 
a goo.l :';1jght be achieved through the process of trunsitions and/or combinations 
between the t,.,o previous t~'Tl(!S of adjustment. The rel.'l.ted problems were f\1.lly 
discussed in Q. recent SYInJ,X>si'wn by Carson (1965) and Dobzhansky (1965). 
Hi:'h i:..hl~;;e L~G!;U::liJi...i.Cl1::; in mind, the i'ir,;t experiment \'r.:J.;; b(~f',im i:1 In.to 
'.!<;t~~hcr, l~I"(U to t('::>t~hc;;c hY3x:Jtl1e;;cs of tl',c ViOl'ldnC ';lr!r.lv~n:i.:Jnl(::;) in the 
Ira;;<'lii.8.n -r;}\ml::!;i.onG or ;:1',1~;(Y;' ili.] 8 :: "'~;].iGr.:n:). ']"r..e cxpCl'i.!/::nt;. \·;crc directed 
t,) [l;,:;C:::~, ,;G i';;l<":t cxtC;l~ \,i..-' :;r':cic~; if, (l.e[1cnuent on ChrOlnOGOT;lr1.l invcr:.::ion3 
in it., ~d.;juGtm!..'nL. Follmri.r:r; th:i.::;, pnrn.llel t.:tudics of r.lOrjlh~lor;.icnl vuriv.tion 
(v i,:;-ible mlltut:Lon) ;':Cl"~ j.-'::l'r';"'J[I0.d. 
'.l'hl~ T'Gjiulu.t:ton ~3.:11})lcs ~tudicJ ' .. :t~re taker, by trD.ppin~ on the :1.slllnd5 of 
():I.1m r_r:d i !u·,ru.ii. TilC O:i.l~: s;).Y;rp.lcs \-lOCC frOI:l thrce c.lifferr.mt h::l.btto.t::;: the 
rirf. t l'ol'Lill1tion !>:unple 1·J7.!.:; to.l,:cn in late Novcmocr, 1970, in ;,~t. To.nta.lus--
moi"t fore:it--at 15-1'(00 foot. levels. A scconcl collection wr~G taken in 
:jlJ.d-January, 1971. '1'11,:::)1.': :.;a:·nr1cG ~·rilJ., be referrcd to a.:; OT-70 und CYr-71 
rc::;pccti vt~ly. Another ::;.')J;lrle W-::;'S collectctl. in Ht. Nauno. Ko.pu--dry forest--
at ?lOO-r:jOO foot level:::; in l:Ltc October, 1970, nnd 0. Gceond collcction in 
early .Jo.nun.ry, 1971. 'I'he::;c c::u:n"fllc~; nre dc:::ir,no.t,cd OM-70 nnd OH-71 rCGpcct1vely. 
The fin:1.l s:unple M1.5 collected in m.i.d-!vin.rch, 1971) in Ht. Puu KCllilU-CD..ctus 
fore~t--at 100-1000 foot levels. This sample in designuted OP-7l. 
'l'he 110."';J.i1 Go.mple3 were taken in carly April, 1971, in Hawaii Volcanoes 
Nn.tionoJ. }nrk (ns-'71) anr:l in .Kilr.l.uea Forest Reserve {HK-71)--a virein rain 
forest. In the first mountainsiue, samples were collected at six eleva.tions 
,uong lraW1CL Loil. Strip H03.d extendine from 3000 to 6700 feet; in Kilauea :t'orest 
a sinc;lt:! G[unple was collect.cd at an n.1 ti tude of aPl?roximatcly 5000 feet. 
Data. on chrom::>som\ll vn.:}:'] ." f~ionG in the previous po:pulntion5 were obtained 
by st1J(~vin.::; the' sali v:J.!'j {jJ.a.ncl chromosom('s of two F] larvae in the progeny 
of each • .fild-cuucht ;'eI:!Dlc. Dat~~ on visible mutaU cOn:; ru."e frcr:l 3 single pair-
m3.ting5 of 10', :rro{:cIri.<::G of. each female caught in r,·l.ture. The F" flies were 
co.reful1y cxfJildr:cd ur.dcr tlle btnocula.r microscope for mutant types. Total 
count:3 numbered at lC(l3t 100 flies in mOllt lines. 
Def0rc prcGcnting the; experimental data, it would be of' interest to show 
one of our recent eoll(~cting records w'iiieh clearly demonstrates the movement 
of Ho.\;raiian Q. iP'lndcrans in both the natural and endemic ha.bitats. The 
follotnnG table summarizes the resttlts of field collections on the island of 
:Ha~mii betWeen April 7 and il, 1971. 
llrOc,(ll'.;\ila. r.pcclc!; o.ncl their milC,bcrc collected. Q..t different llltitudc5 in the 
\rlc:L1~:i.t~f of Ha;·;aii Volcanc·c::> 1;0. ~lon(J.l PD.rl~ 
Collr:ct:i..nr; 8ii:c~ 
Kilu.ucD. {lain 
I·~OJ..nD. Loa. Strip :~oCl.cl Jo'orcnt Rond 
~;1)cciC5 4000' lnoo' 5100' 6100' 6700' 5000' 3000' Total 
* 
. 
D. eng;,rchorn.cca. 5 4 9 
L1. rniwic\l. 29 29 
D. iJn))J.riscto.c 18 2 20 
D. p·2ctini.tul'sUS 1 3 4 
D. b[l.~ir,etoso. 1 1 
D. G"ilvestris 1 1 
D. murrJi1yi 1 1 
D. i'ungipel'do. 1 1 
Fungus feeder spp. 1 1 2 
D. rCllllcto. 1 10 II 
I\nto~)o(;(; rUG sp. 1 , ... 
Gcaptomyza. cus pido.ta. 10 116 7 8 2 73 
r (T.1.nt3.lin. ) sr· 6 6 ... ,. 
T' LJ. s~r.\~lrl.ns -)(. 73 45 127 1 38 234 
D. 'l)'J.::; ci-:i i'" 107 21 128 
D. i~1C:CC(," to:r1..l!ll* 1 1 
D. irn:.rLrr;-t.ns. .* 301 138 164 13 22 II 36 685 
D. ::ly.}:a\ ...... d..L* 3 3 
D. trj.cho"e";;osa 2 2 
D. sp (mitchell?) 1 1 
Tot 0.1 255 42 33 17 79 
*Dcnotcs introd.uced spec:5.es; the srunples from 4000', 4300' J 5100', 6100 1 J 6700· 
(1. t ?I,::\.una r.or~ strip r(w"d una from E.i1auea. t'orest (point 1 of TR2) and YlO.in Rond 
will be rel'Cl'rCQ to o.s HS-1, HS-2, 11.3-3, ns-4, P.5-S, HK-200 and HS-300 in the 
context, in tha.t order. 
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:·'rom the 1Al.bl~ one eon ca.Gily Gee that n. il;;!nir.;r-,m:~ 1::; the moet abun;;l.ant 
and. \dcicly d.i;:;tributcd o.monr, the introduced apecice wi. thin the arcn.. Another 
intCl'e:;tinc; 110) nt of thin collection iG that D. bUf:ickii, knowll nD domcctic 
specicu, "'f'Ll~, alGo found in great numbc rr.; in the hleh c1cV'o.tiona rD.l16inc from 
5000 to Gooo fect. 
Ty:pCG and frequl.'nc:f.co of the invcroiono found in the Oahu populo.tiona 
sampled at the tllrec dictinct habitats arc given in thc following table: 
l"requencies (in per cent) of inverlJion hctcrozYtlotes in the 
Oahu populations (N, total number of lo.rvae CY..amillcd, 
one larva. per line). 
Heterozygous Inversions 
TOTAL Het. 
Sample N A B C A+D A+C B+C Inversions 
_.S 
OT-10 83 25·3 2.4 1.2 28.9 
OT-71 120 18.3 3·3 0.8 0.8 23·3 
CM-70 53 24.5 1.9 1·9 1·9 30·2 
014-71 158 22.8 6·3 1.3 2·5 1.3 1·3 35.4 
OP-ll 54 18·5 5·6 }.7 1·9 29·6 
All 
Samples 468 22.0 4·3 0·9 1.7 0·9 0.4 29·9 
A, B, and C denote diff'erer.t inversions on the 2nd ehromoso.s.e: A is loca.ted at 
about middlc of the left arm, B at the subterminal p3.rt of the right, and C 
in the proximal part of the right. 
The avera.cc frequency of the ·total heterozYBouS inveraions in the Oahu 
populationswnG 29.9 per cent. Compilation of the total number of inversions 
of each tyne sho'Wt)d that the dlntribution of the invcl"oionr; is uniform for the 
three r.olJulntiono ( o. ~')) > P > 0.10). The mean frequency of. hetcro7.ygoo1 ty per 
lerva in the Oahu popuJ ut:l.onEi "''1.1.0, 0.33, bo.oc(l on the total cxo.minll:tiona of 
903 larvae. 
The result.:::; obtained for the Hawaii popula.tiono, hoWC'ver, do not appear 
to be in accord. vit.h the prevlous results a:::; uhol-tn in the folloWine table. 
Fir~t, the ineidcl1t.~C oi' the inversion hetcrozygotes is genel'ally hj.Giler at 
face vul:-uc in the HG,,·ltdi populations as compared v1 til the averaGe freq,uency of 
the inve rolollD in th~ O:-thu populatiom;. It i 13 pn.rticula rly noticeable to 
fInd the exceptionally hiC;h frequencies of the inverr.don hctcrozygotes iIi the 
HS-l and Im-3 POlli.ll.a.tlono where the greatest mu:lbcr of' sn ... 'llylen were exa..'!lincd 
(C(;C table). Secondly, it 'WUG oJ.GO found. for the tlo.'O populntionG that the 
di5trlbutlon of invet"tJionll is significantly nonuniform. (0.05 > P :> 0.025). 
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I<'t"cqtlcncic!:i (:Ln pc;r cent) of inversion heterozYGotcs in the 
HIl\JD.i i pOJ:mlo:tionc (N, total llul;lbcr of l,'lIT3.e examined., 
one l:u·vn. pc:r line ) 
HC'tcro.zYC:OUG Invcr:,;ionn 
f')....".~·Dlc N l\. n C A+B A+C •. 
lIS-li(· 61 17·g 
_:....-<:.. 10·5 16.4 5·9 
RS-2 12 25·0 8·3 
IIS-3* 101 J1.:.1 9·9 6·9 5·9 2·9 
HS-4 11 36.4 
118-5 15 26.7 6.7 6., 
US-3000 21j. 12·5 e·3 4.2 
m(-200# 10 10.0 lO.() 10.0 10.0 
* Statistical comparison for the distribution of the heterozygous 
inversions uan possible only for these two samples (Gee text). 
# A nc\-' pcricentric inversion ofthc 2nd chromosome was detected 
in the populations. 
B+C 
5·9 
2·9 
4.2 
Toto.l Het. 
Invcrsiono 
. 
56.7 
33·3 
60.4 
36.4 
40.0 
29·2 
40.0 
The G:i.Gnificance test vne mn<lc only on HS-l a.nd J'iS-3. It could not be 
{llli.\.lC for all populations becau:::;c ,srunple siz.e and the inversion incidence were 
too sro.all f'or the other five populations. 
In addition, the mean fl.--cquency of' the inversion heterozyuosity per larva 
in the HG-l and us-3 .. r<lS found to be 0.66, based on the total examination of 
334 larvae. This mcnn frequency iEi twice as high as thut found in the samples 
from Oahu. 
Tlmo, a CUhlJJttI":L .. un of the frequency nud dintrlbution pnt't,ern of J..,hc 
hctcrozY6ou:::; inver;jion.::; in the lIflW"oJ.ii population::; from the 11G-1 nnd WJ-3 popu-
lations" wi'ch tho:;c in the Oahu popl11n tionr. GlJ.l1ccr.ts that the three con-mon 
invcr::;iono we have· i'olmd there l?t'ollnb1y recpond in different wyo to the poten-
tial' ccolor;lco.l (Ul'fercnccr; bctvl-:'cn the two inlands. 'Ylhile the l)rccise reaGon 
for tlus difference C<1nnot be 8cccl'to.ined not pre3cnt~ the da.ta arc apparently 
in.:otructivc and u. more clear-cut explanation for tlulJ :finding is expected 
froo the results of fret.luer .. cy annlY8ifJ of the different Gene arrangements which 
i::; now in J,ll-ogrcoc. Hmvever, the consistently 10l-ier :frequency of the inversions 
and. their uniform distr-lbution throuchout the three Oahu populations from the 
ecologically distinct habitats provlued no indication of chromosomal adaptive 
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changes in response to the different environments. Ynus the Oahu data 
apparently suggest a successful colonization of ~. L~igrans in the different 
environments studied ~dthout essential genetic (chromosomal) changes. On 
the other hand, the explanation for the significant change observed in the 
distribution of the heterozygous inversions for the HS-l and HS-3 populations 
in Ha~vaii Volcanoes National Park with the change of altitude (at 4000 and 
5100 foot levels) is quote problematic at present. Whether this possible 
clinial change detected there is correlated with the ecological differences 
between the two altitudes is an open question, and more data are apparently 
needed. HryNever, a clearer answer to this question is expected from the results 
of frequency analysis of the gene arrangements and the parallel results of the 
analysis of visible mutations which are now in progress. There is no evidence 
that the exceptionally high frequencies of the inversions and their non-uniform 
distributions in the HS-l and HS-3 populations are the reflection of adaptive 
changes. Such a situation, however, may be viewed as an interesting challenge 
to further investigation. Consequently, work is being planned for elucidating 
the problem. 
Another interestip~ finding in the present work is the detection of a 
pericentric inversion, which is relatively short and symmetric, on the second 
chromosome. It was found in association with the heterozygous inversion on 
the left arm of the second chromosome. It was detected only once in the 
examination of twenty smear preparations (2 smears per isofemale line) of the 
sallva~J glands of Fl larvae of the 10 wild-caught females from the Kilauea 
Forest Reserve (virgin rain forest), Hawaii. From the review of the pertinent 
literature it seems to be the first case of pericentric inversion found in 
natural populations of D. immigrans. It is of gz,eat interest to clarify 
whether the same inversIon persists in that natural population, since the 
incidence of pericentric inversion is &~own to be extremely rare, or none, 
in natural populations of many Drosophila species. -
In addition, a series of experiments to determine the types, frequencies, 
and allelism of visible mutations is in progress. However, the work is con-
fined to the Ha'iaii populations, and it is hoped that the results should 
provide some light to elucidate the previous problems regarding the genetic 
structure of these populations. 
In view of all the information obtained from the present work, interpre-
tation of the active colonization of D. ~~igrans on the Islands seems some-
what sophisticated. Obviously, the present results propose further investi-
gation. The data obtained have pointed, at least in part, the way to opening 
up new avenues of attack on the underlying mechanisms. 
A full account of the study will be published shortl.v. The research 
was supported by an Intramural Research Grant from the University Research 
Council and the University of Hawaii's International Biological Program Grant. 
Tcchnicn.1 Developments and GDnctic A3pcCtS 
of Vn.riation in Mctrosideros 
E - 1 
w. W. Steiner 
Of current interest in the Island EcOSystCffiD II\P!IDP Hawaii invcn-
tieatiol1u IG thc quc!;tion of why some species have undergone spccio.tion 
while others have not. This student is currently involved in Gtudying 
the problem from n genetic point of view using G. blochemical genetic tech-
nique. Two groups of organisms are presently bei~B investigated ~lth 
respect to the above, the Hawaiian Drosophilidae (speciating) and th~ 
Hetrosicleros (nonspeciatins). 'rne subject of' this report will deal with 
the latter group. 
Mctrosideros occurs in a wide ranee of environme~ts and displays wide 
morphological variation. Of' prime interest in relat:t.on to these factors 
are three questions of evolutionary interest: 
1. How much of the phenotypic ~f8riation is 0. response of the 
plant to its environment and tow much is genetic in nature? 
2. Is the observed variation a produ~t of Gubs,PcciefJ fonnstion? 
3. Wnat are the genetic factors or relationships 'W11ich have 
provided the abi11 ty for 14etrosideros to expand its r:mi=je 
over such a diverse area yet enable the group to l~tain its 
unique status? 
Electrophoretic analysis] a techniqu~ to separat0 enz~r::c.~s .:hich are 
direct gene products, ia being enployed to provtdc ·data useful in answering 
these questions. Table II lists the markers presently being de"''''elopcd und 
those ,",hieh are currently in use. Other technicf:l.l difficulties in develop-
inG these a.re presently beine; overcome) and the sta.in met.hods in Table II 
arc being linked to the appropriate bufTer system (Table I) for best 
results. For esterase) leucine aminopeptidase and ph0spho~lucomutaGe) 
the best buffer system is the triG-citrl3.t:3 eel (D~ffer /I., Table I) and the 
tris-ci trate electrolyte (buffer li', Table I). 'I"nis s;rstC[Il is being furth~r 
investigated to see if more sto.ins (Table I!) can be ad.apted to it. 
T1oIO other problems of relative importance have also been encountered. 
The firet conGiGta la..rGcly of concentra.tion of protein in plunt rr.ateria.l... 
Plant ccllG nrc relatively large with l1cG.vy Ir..cre.branes} ,4l1&.1 in L'Clntl\J.'1-to-
unlmnl tiC.icu.cr, m.o.kc up much leBO enzyme c:onccntrnt~o,1 per grnm of' mntcrlnl 
('Which 113 hurder to extrFl.cG if the plant cell .... "'.111 cannot be nlptul"'Cd) 
than occurs in animal tissueo. 
~1e second pronlem involves naturally occurring plant phenols which, 
after horogenization of plant tissuel'l appear to disrupt electropho~tic 
banding patterns. This problem. can be a serious one, since i t e.PF~~:Jtly 
produces a molecular b:i.nding effect on the em;yme systems being analyzed 
for. 'rniG can hamper detennination of Benomc heterozygosity a.nd may effect 
Genotype analyois as well. Phenolic compounds a.rc well known to produce 
ouch cffccto (Scandnlioo, 19'n; rXlbbcl, 1971; l-1eCown et 0.1, 19(8), however, 
to be certain that cell membranes were not involved, experiments wera 
pcrformctl in which all extrnneOUG cellular material was removed by cen-
trifugation at 2i3,OOO e. Electrophoresis of the supcrnatn.nt showed 
enzyme acti vit,y still bound to the apparent cart'ier molecule. 
That .Hetronidc1:QJ1 conta.ins various phenolc: in the forma of fla.venoida 
comes from eVidence offered by Dr. G. H. 'l'ovrers of' the University of 
British Columbia.. As of Septe.mber 1, 19n, Dr. To'tlera has isolated and 
identified 6 such flavenoids, namely: Quercetin-3-arabinoaide, Quercetin· 
3-galactoGide 1 Quercetin-3-rhamnosidc, myricctin-3··e.rabinoside I myricetin-
3-galo.ctoside and myricetin- 3-rhalnnoside. E".r;tdencc for the eX:l.stence ot 
an acylated galactoside also has been found. 
Ba.bbel (1971) has offered a techflique for enzyme extraction (see 
materials and methods) \mch we are currently adapting to use. We have 
coupled this With the use of seedlir'..g materlalo in order to gain 3 advan-
tages: 
1. Standardisation of the plant material and use of the whole plant. 
2. Reduction in the concentration of polyphenols which have 
not yet accumulated with age. 
3. Higher concentra'/;;ions cf. developmental enzymes and less 
rigid cell ~~lls. 
Thoueh this requires tho: .. we be aware of developmental. changes which 
may take place within the individual plant; standardisation largely re-
Gol ve s this problem. l''U1''t,he rmore, I am inform.cd from Dr. Allard. t s lab at 
Davis (Babbol, 1971) that age-dependent variation cna exist even in adult 
leaves of the same plant. ~~ experiment to investigate the extent of this 
pehnomena in MetrosidcroG was undertaken using leaf esterases. Leaves 
at various heights were collected. on Oahu at 1600' elevation (Manoa cliff's 
trail) from the folloWing adult Metrooideros growing "Ji thin 30-50 feet 
of one another: ~~~ (2 varieti"es), filab~.lj.~, glaberfolia and ~­
muloides. Differences in leaf esterase pattern~ were observed Within the 
same plant, indicating the eXistence' of age-dependent enzyme chnnges 
in adult leaven. Thio phenomena creates Il 1ll13,jor probleM. in atandal-dlsat1on 
- for comparison oetvrcen:-Varletlco-. -~esereaoons) then, -lufluencccrthc--
deciSion to limit invcotigatioilS concel~in8 comparisons of varieties to 
comparisons bct-ween seedling plants of knOvln age. The phenomena. may a.lso 
prove an insurmountable barr:i.er to studying elevational a.nd ecological 
relationShips with respect to plant genotype and enviror~ntally induced 
genetic changes. This area will be investiga.ted. further. 
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Invcati6!l.tions using seed types and pollen as experimental material. 
have alBo been attempted. TheGe have proven unfruitful. Seed types shoW' 
no rCGolvuble electrophoretic patterns. Pollen is too costly and time 
cunGumLnr; to collect from field npccimcns, though Makinen et ~. (1961) 
inJicnteG i.t n:J a favorable material fOi' isozyme :I.nvestie;ation in readily 
attainable plant Dpecies. These arcas of invcctigo:tion have been abandoned. 
Since the diocovery that aee ... dcpendent varilltion i.n ndulto a.pplies to 
Metror.ideros, and the development of the trl~-citrate electrophoresis 
sYGtcmG to enha.nce refJolvine pO'NDr in teclmique, more recent :findings. may· 
invalidate some cf the previous findings. Though all evidence to date is 
considered preliminary, the most recent; findings uphold the previous 
findings of apparently lOll level-a of indi vidu.al genetic polymorphisms and 
limited genetic varia,tion bet"'''een r.l.orphologic£),11y diverse types, (Figurel, 
Table III). Such variation, itis suggested, ena.bles t4ett'osid~ros to 
meet environmental requirements oyzr its range of distribution. Studies. 
are presently being planned to further investigate: . " 
A. 
B. 
c. 
the extent of v$,riation between plants of ~~he same type 
(i.e. tlPi~a) occurl~ng nt different elevations, by com-
paring protein patterns of' seedli.ngs from these. 
increasing the exten~ cf loci .~ be oampled to obtain better 
estimates of heterozygosity aad genetic v8.riation. 
Developmental studies on seedlings to obtain an idea of 
similari ty of enzyn:.e changes bet.~en the same and differing 
types. 
These studies may provide some clue as to the actual nature of the 
Genotype-environment relationships occurrinG at the biochemical-genetic 
level. FiGure II sugsests that Roberts (1969) theory on isozyme substi-
tution may indeed playa role in H,~tr..osidem§. respon;:;e (and thus ecotype 
selection). The within group Y<;l,riation (sn:i1ples 3,1~,5,8 and 9) shows that 
elevational dif:f'erences may ey~st., r,nd thB:J:-cfore these rr.ay pla.y.a role in 
meeting environmental vicicwi tudes. If this is the type of response we 
are observing, we should expect such variations to d:!.splay seasonal changes 
within the individual D.t higher elevations as ft"ell. Though 'lire cannot rule~' 
entirely the changes induced by e .. ge-dependent shii'-l;s discussed ea.rlier, 
it is SUBeested that environmentally induced genetic r~sponses would be 
an asset to an organism not having the ubillty to remove :f.tself from the 
vicinity where stress conditions may exist. Favoring of high overall 
variation and loW' Gpeciation tendcncleG Flight restllt becauce fracturing 
of the genome to produce speCies as u response to f:-:'ress migh'tr remove' ---
favorable alleles required in ad~}ustmer;::;s from. the overall population. 
As a result, outcrossing and hybridization would tend to be favored, and 
continual production of va riabili ty a method of meeting survival requirements. 
Such outcrosDing appears to exist in Hetrosider,)s (Corn, unpublished . 
results), but further investigation as'tO-ihc ex{{ent ot hybridization could 
provide useful support. The concept may pr::>v:ide a basis tor the lack. of 
speciation obeerved i%l certain groups, and provides a base from wrdch to 
further investigate the observed :nOrpi101os;iCc..l Y-a.riation in Metroa1deros. 
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Hn.terin.ls and mcthod3~ 
'l'Wo typCG of eels are uoed in the analysis of plnnt; material, and a 
va.riety of Gel Qnel electrolyte buffero are available (T'..lble I). The gels 
a.re prcpared in the followine manner: 
1\.crylnmide r;cls: 100 ml of the approprinte eel buffer is placed in 
a 500 roll erlenmeyer f'lnsk. To this is added 7 grruns of cyanogum-41 (Fishel' 
Scientific)., wl1:l.eh is uissolved with a sti!".,rlng in the buffer. In qUi~ 
::;ucceGsion 1s then ad<led 5 ml of ammonium persulfate and .1 ml of 11. N •. 
tetramcthylethylenediamine (Eastman Chem. co.). The solution is q~ckl 
stirred nnd immediately poured into a 0.02 cm x 18 cmx 21 em lucite tray 
and covered With n glass plate to facilita.te gel formation. After 1/2 hour 
the gel is ready for sample insertion. 
Starch r.e Is: To.l 75 ml of the llPpropriate gel bu:f'fer in a 1000 ml 
erlenmeyer flasl( is ndded 21 Grams of electrostarch (otto Hiller, Madison, 
'Ylisc.). The thick solution is stirred and cookecl simultaneously over an 
open eaG flame until boiling produces a thick, clear liquid. Ihe li~1d 
is imrnediately degassed for 1 minute, then poured ;i,nto a .6 cm 10 cm 2l em. 
luci te tray and allowed to cool and set for one hour. The gel is then 
prepared for sample insertion. 
The latte:r- type of gel has been found to be most u.seful, since it 
can be sliced horizontally into thrf'!e, 2 rnm deep gel slices and each 
slice can be stained separately. This allovrs compa-risone of different 
protein patterns of the same specimen 'tNii,h respect; to mobility position 
on the gel slices, and reduces time spent in preparing gels to be used in 
analysis. 
S:J.r.lrle In'(~l':1 mt:ton and inse~_~~r~ 0 Leaf, floral parts, or whole 
seedling have primarily been uGed for analysiG. If adult t:f.GGues are 
used (i.e. leaf, nteo, root, floi~l parts) care must be taken to maximize 
the weight of' material. used in relation ·1;0 t.h~ volume of homogenizing 
buffer in which the material is ground up. 1''01' whole seedlings (14 days 
to 80 days) about .01 ml of distilled H"O cont,aininG .03 M fJ-mercaptoethanol 
(Sicma Chern. Co. )/1000 ml and .1 grn.m.s of insoluble po1yvinylpyrri11done 
(pvp) per e;ralll rresh wcteht of leaves or plnnt IT'lterial is used as a 
homoGenization/extraction buffer. The ~eed~ing is ground by hand with a 
mortar and pectle to prod.uce a thick slurry, the PVP serving to complex 
out phenolic compounds which have a tendency to disturb electrophoretic 
patterns or mierating proteins. 'Ine fj-m~rcapto(!thanol serves to stabilize 
protein st-ructure and prevent Cl1z:rme ine.ctl vatior..-
The supernatant of the prepared homogenate is then drawn oft luto 
a .7 cm x .6 cm (Whatman no. ~4) filter paper wick, which is then placed 
in the gel in a slice about 2,5 em from. one end of the gel. The gel is 
then covered with saran wrap to prevent excess drying, placed on the 
elcctrophoresis appara.'tus and a:ctached. to the anodal and cathodal chambers 
by sponge wicks. 
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o.ll'C should be taken in the LomoGenization tccp ..n:i.quc: to periodically 
exuminc the rc~nll tinj1 Glurry under a hi~h-po\.'Cr Itti.GrODCOpe to determi.ne 
if the tLelmiCJ.u~ 113 urlccp.utcly breuking the cell mcmbruneG. Tnis provides 
=:l~1 effective control ar,uinct the hand. homogenization technique. The mortar 
and pc~tle Ghou.ld UC ll:cpt on ice 11' pOSGible. Eler:trophorcsis in performed 
:i.n a Pcrlick standinC; colu~box) 'kept a'G 4°C~ llith th·:;: length of the elec-
trophOl'ctic run dependinG on the buffer GYBtC!:l usee. (Table I). 
stain tcclmiques 
After electrophoresi~, th8 gel is removed, sliced and stained according 
to one of the tccl:U1i~ucs in T bie II. Leucine ami.nopeptidase (lap) J 
esterase (est) and phospb~glucomutaGe (PG~) have only r8cently been developed 
to a. workable stage, problems in cicromolar qu.'3.utities being overcome. 
Tne other stains ~~rk OIllY sporadic~lly an~ have r.ot yet been standardized. 
From lap and est, some preliminary result,s Il"na;r' be reported.. 
Drs. G. C. Ashton and H. L. Carson provided laboratory facilities used 
in this study. Miss C. Corn provid..;;;d plant. ma;Genal and identification. 
Publications in preparation 
The folloWine publica"tio:ls are presently being pl~nned: 
Steiner, H'.: Corn, C. and Ashton, G. C. 
scedlin6 proteins in Hct·rosidcroG. 
pcptidases and ptospr~taces. 
J.)evelo.'9'U'2?n.tal Genetics of 
I. ~~~ esterases, amino-
steiner, H.; Corn, C. nnc1 Ashton, G. C. G~mctit:: variation EI.nd mor-
phological divGrgcnc~ in !~e·bMsit!.·:::ros •. 
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Figure I. Examples of esterase gel showing variation in and between 
Metrosideros types 
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currently under development and/or adaptation for the analysis of Table I. 1er systems 
Metrosideros variation. 
Code Buffer pH To make running running Enzyme reference 
I voltage time I 
I 
I 8.0 Tris--6.2g/L A. Tris-citrate (Fel) under develop-
Citric Acid-l.2g/L ment 
B. Tris-citrate (gel) 8·3 Tris--6.2g/L 
Citric Acid-l.6g/L 
Scandalios} 1969 
C· Tris-glycine(gel) 8·7 Tris--3 .og/L 
Glycine--14.4g/L 
Scandalios; 1969 
(dilute 1:9) 
D. Lithium-borate (elect.) 8·3 LiOH--1.2g/L 300 5 hours Est. Scandalios; 1969 
Boric Acid-- wi th buf'fe r B Ap. 
11.9g/L 
E. Tris-glycine (¢lect. ) 8·7 Tris---3.0g/L 300 18 hours LAP Scandalios, 1969 
I Glycine-l~.4g/L wi th buffer C PaM i 
(dilute 1:1) ~ 
I 00 
F. Tris-ci trate (~lect. ) 8.15 Tris--83. 2g/L 200 6 hours LAP under develop- -J 
I Citrate--33g/L with buffer A Est. ment I 
! (dilute 1:1) i 
I 4.3 NaH2P04--27.8g/L G. Phosphate C (suain) 
H. Phosphate D (stain) 9. 2 Na2HP04--56.63g/L 
I. Tris-mal.eic A (stain) 3·3 Tris--24.2g/L 
maleic acid--23.2g/L 
J. Tris-maleic B (stain) 14.0 NaOH--7.9g/L 
K. Tris-Hel (stain) 7.0 Tris--12g/L 
Hcl--to pH 7.0 
L. Acetate bui'f'er stain) 4.0 acetic aCid--410 ml 
Na acetate--90 ml 
H20-----500 ml 
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Table II. staining solution formulas currently being adapted for use 
in analysis of genetic variation in Metrosideros. 
(Those marked with an asterisk are currently in use.) 
EnzJ~ ______________________________ ~Co_m~po~n_e_nt_5 ____________________ ~ __ ___ 
*Esterase 
(est) pH 6.2 
*Leucine amino-
peptdase 
(lap) pH 5. 2 
Malate dehydro-
qenase 
(mdh) pH 7.0 
Alcohol dehydro-
qenase 
(adh) pH 7.0 
Alkaline Phospha-
tase 
(AP) pH 8·3 
* Phosphoglucomutase 
__ (p~plLLO --
Catalase 
(cat) 
40.0 ml 
1.5ml 
1.5rnl 
50.0 ml 
10.0 rnl 
50.0 mg 
30.0 rnl 
40.0 rug 
40.0 rug 
50.0 ml 
20.0 ml 
50,0 ml 
50.0 ml 
1.0 ml 
1.0 ml 
1.6 mg 
50.0 mg 
50.0 ml 
50.0 ml 
50.0 rag 
3.0 ml 
2.0 ml 
50.0 mg 
60 ml 
60 mg 
50 rug 
10 drops 
10 drops 
60 ml 
10- uni"ts 
0.5 ml 
2.0 ml 
0.1 g 
2.0 ml 
3.0 rug 
100.0 m1 
100.0 ml 
100.0 ml 
100.0 ml 
(to be 
distilled ~O 
~napthylacetate (1% in 1:1 solution of acetone:~O) 
~-napthylacetate (1% in 1:1 solutioh of acetone:H20) 
Phosphate C (buf':f'er G, Table I) 
Phosphate D (buffer H, Table I) 
Fast blue RR 
distilled ~O 
L-leucyl-~-napthylam1de Rcl 
Black k salt 
Tris-maleic A (buffer I, Table II) 
Tris-maleic B (buffer J, Table ) 
distilled 11:20 
Tris-Rcl (bUffer K, Table I) 
DL-malic acid (.2 M) 
NAD (.01 M) 
:EMS 
NET 
distilled ~O 
Tris-Hcl (bUffer K, Table I) 
Ethanol 
NAD (.01 M) 
INS (.01 M) 
NET 
Tris-citrate buffer (buffer B, Table I) 
a-napthyl acid p04- Na salt 
Fast blue FR 
10% aqueous mgCl2 
10% aqueous mnCl2 
Tris-HCl (buffer K, Table I) 
~-pdh 
mgCl2 
TPN 
glucose-l-phos~hate 
NBT (.5 g NBT/30 ml ~O) 
:EMS 
·5% Ho02 distilled ~O 
. 5% KI solution with . 5 ml HCl 
.15 M NaOH 
applied in succession) 
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Table II. (con't.) 
Enzyme ComP2nents 
Peroxidase 
(po) 
general protein 
Acid phosphatase 
(acph) pH 4.0 
1.0 g benzidine in acetic acid, H?O (9:36) 
mix 20 ml of above With 20 m1 of 31% ~02 
buffalo blue black NBR in ethanol/H20/acetic acid (5:5:1) 
100 ml 
80 mg 
80 mg 
1.0ml 
acetate buffer, (buffer J, Table I) 
cx-napthyl aci.d phosphate 
Fast blue RR 
10~ aqueous mgC12 
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Table III. Plant types surveyed for esterase, aminopeptidase and phospho-
glucomutase variability. All runs were made on seedlings 49 
days old. Sample Br is the control sample, and all allele 
designations are arbitrarily assigned with reference to it. 
Alleles designated less than 1.00 are more cathodal irt migration 
(see c. Corn, Dept. of Botany, U.H., for key codings). 
Key No. of seed- es-l es 2 es-2 lap-l lap-2 Fgm-l pgm-Z 
Sample lings assayed 
Newellis 10 1.00 .80 
·70 1.00 .80 1.40 1.30 
B' 10 .80 .70 1.00, .80 1.40 1.30 
·95 
K 6 1.00 .80 ·70 1.00 .83 
N 5 .80 .70 1.00 .83 
A 2 .70 1.00 
D 6 .80 
·70 1.00 .80 i.40 1-30 
1417 2 .80 ·10 1.00 .83 1.40 1.30 
J 1 .80 .70 1.00 
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Technical Report on the Biochemical 
Studies of Evolution in the Hawaiian 
Drosophi1idac w. w. Steiner 
This laboratory has, since M.:lY, 1971, begull an intensivl~ electrophoretic 
.:lnalysis of the Hawai.ian drosophilids. Particular uttention bus been focused 
on the 100 or so species compri3inr, the "picture wine" group (COIeen et al., 
1970), since chromoGoma.lly and morphologically based phyloeenie2 have been 
largely worked out for these organisms. The electrophoretic survey is 
intended to provide evidence which f,ill be used to: 
a) 
, b) 
c) 
d) 
Support the chromosoll'..nJ.ly and morphologically based phylogenies 
and &~swer discrepancies between these (Y~csbiTo, 1971 ). 
Provide some indication of genic variation and heterozygosity 
between and within species, such variation providing the mater1al 
upon which natural selection, leading to'rl8.rd species formation, 
can act. 
Investigate the relationships between genic variation and indivi-
dual Genotype with respect to fitness, homeostasis and genetic 
flexibility under specified stress conditions (see Levins, 1963, 
1965, 1968 for the mathematical concepts involved). 
Investigate tbc contribution of genic heterozygosity to chromosomally 
monomorphic ~~d chromosomally polJ~orphic species and possible modea 
of speciation utilized by these types (for background on this 
subject see Carson, 1959, 1968; Beardmore, 1~6o; and Ayala, 1971). 
The problems currently being investigated above relate to the IRP/rPB 
goals involving speciation and evolution in endemic Hawaiian organisms. 
The first step in such a pro,ject is to identify the various enzyme loci to 
be used, the number and frequencies of natura.l alleles occurring at that 
locus, and the characterization of local populations with respect to these 
loci. We are presently at this level of development, and eventually hope to 
compare overall results ae;ainst those obtained in the study of nonspeciating 
organisms (i.e., Metrosideros) currently under investigation also. 
The following preliminary result~ concern allele occurrences between 
species. The data is subject to change as broader sa'nples and more direct 
comp8.1'iGon,g between .species are made. __ Allele frequencies :for some of' the 
loci currently being investigsted ha.ve been calculated but due to saluple 
size have not been included. These ~ppcar in general to be suggestive of a 
luck of Hardy-Weinberg equilibrium in populations ,,;hich are chromosomalJ.y 
pol~orphic and v;hicn have rcceontly undergone th.e serious drought conditions 
experienced in the field in the summer of 197.1. 
Further analysis in this area is dependent upon increasing loci samples 
and srunple size and to check for effects of population subdivision which 
can affect HarCly-\-leinberg co.1culations ~ Future research m:u follow the 
plans presented above. 
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DATA Al{ALYSIS 
Tne loci reported upon in this paper include ~glycerophosphate 
dchydroeenase (~gpdh), isocitrate dchydror,enase (idh), hexokinase - 1 
(hk-l), hexokinaDc-3 (hk-3)~ estcrase-2 (e8-2), leucine aminopeptidase 
(lap), mn.lic enzyme (me), mn.latc dchydrogenase-1 (mdh-l), mo.l.a.te-
dehydrogcno.se-2 (mdh-2), oC"t;o.nol dehydrogenase (odh L f\.Ull£lXllse (tum), 
and o.lcohol dehydrogenase (adh). Allele designations are given where these 
have been worked out against set controls (Tables I - IV). In most cases, 
sample sizes prevent nothing more tha.n identifYing loci and species relation-
ships. Increases in sample size will undoubtedly reveal more loci to be 
polymorphic than presently indicated (polymorphism at a locus interpreted 
as the occurrencc of alleles other than the commonly occurring allele at a 
frequency greater than 5%). Lmr levels of individ.ual polymorphism. are 
indicated, r~wever,by Rockwood (1971) in those species she investigated, 
vhich generaJ.ly tends to support our d.ata. The species marked with an 
asterisk have never been investigated electrophoretically. The data presented 
for idh, hk-l, hk-3, me, mdh-2, pgm, and fu:n. like'\\"ise has not been previouaq 
investigated in the Hawaiian drosophilids. Thus all data in these areas are 
original findings and provide a base fram vhich to expand further researCh. 
Other loc1 anticipated to be useful include the a.l.kaline phosphatase. 
(ap) which preltminary investigation indicates as having 2-3 loci, acid 
phosphatase (acph), esterase-3 (es-3), glucosc-6-phosphate dehydrogenase 
(g-6-pdh), 6-phosphogluconic ncid (6-pga), xanthine dehyoxogenase (xdh), 
succinate dehydrogenase (sdh), aldolase (ald), lactate dehydrogenase (ldh), 
and glutamate oxaloacetate transaminase (got). Same preliminary surveys 
indicate these as being potentially worthy of development, and indeed must 
eventually be included to reduce s~~pling error and provide better estimates 
of genic heterozygosity. A lack of funds at this time prevents such,develop-
ment and use, however. 
The sta.ins and buffer systems presently in u .. ~e ha.ve been developed in 
this lab or adapted to use from several sources (aee F.M. Johnson et al, 
1966; Sela.nder at al, 1971; Poulil:t, 1957) 0 Later publications will carry 
the techniques used in ar~ois. 
The following tables represent about 1/3 of the kn~T. picture-wing 
species. Though othez's ha.ve been investigated in this la.b (to date, 46 
. species representing a.ll the subgroups except Primaeva) these have not all 
becn presented, the remaining data presently being unar~zed. Some 100 
opccico arc presently known for this group_ 
A rough Nlt.i.mnte of SPCCiC3 rclattonGhips can be obtained from the 
Tables by comparing alJ.eles with the same number designa.tion or which have 
the symbol IIC" (common allele shared between species) in those cases where 
allele designations have not yet been assigned. Only the most commonly 
occurring allele is designated at p:Jlymorphic 10c1. Undesignated polymorphic 
alleles may often be shared within cubgroups. Likewise, some of the species 
alleles represented by lid" (different a.l.lele, not Ilbared by those species 
having the common a.l.lele) may be common e.lleles in the vi thin-group species 
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in which they occur. Allele number designations are made by comparing 
allele migrations against a standard control (Q. sproati) and aeainst a 
subgroup control (see individual table descriptions for those species 
used as the subgroup controls). . 
The F, progeny from many of the species being investigated are also 
being analyzed to verii'y segrega.tion relationships in polyaUelic systems. 
Analysis of hybrids is also being conducted in attempts to establish linkage 
relationships for enzyme loci and verifY homology of enzyme Bystems across 
different specica. 
Dr. W. E. Johnson kindl.y contributed some of the W1published results 
included herein. Kenneth Kaneshiro provided species identifications in 
most cases. Dr. H. L. Carson provided lab facilities and much useful advice. 
Publications in preparatio~ 
Several publications are presently L"l the planning stages but are 
necessaril,Y' dependent upon the completion of population surveys, species 
comparisons, and laboratory experiments. 
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TABLE I. Hawaiiensis and Grimshaw1 Subgroups. All allele designations are tentative and are 
made using D. sproati as the standard and g. grimshaWi and g. sllvarentis as subgroup 
controls. Those loci indicated as polymorphic (p) may have alleles in common With other 
species in its respective subgroup. PolymorphiC loci are being investigated for Hardy-
Weinberg equilibrium. 
HAWAIIENSIS sample I a 
SUBGROUP size i ~. idh hk-l hk-3 es-2 lap me mdh-l mdh-2 odh pgm adh Fum 
. -----
Q,.gradata 2 ·95 .60 .10 .25 
*g .hirtipaJ.pus 1 1.00 (p) 
D.hawaiiensis 15 .85 c c d .65 ·98 ·50 .10 .65 ·35 c d (p) (p) (p) 
D. sil varentis :11 .85 d c ·98 d ·50 .10 ·30 (p) 
*.Q.fjymllobasis 3 .85 d d d ·98 d d ·50 .10 ·35 
*D.heedi 23 .85 c d d .65 d ·50 .10 ·35 c c t-6 
--- (p) (p) (p) (p) (p) e.l' en 
D.recticilia 2 .85 c c d d d ·50 ·35 d c (p) (p) 
GRIMsHAW! 
SUBGROUP 
Q. • baliopte ra 2 ·58 .28 
D.crucigera 31 ·90 -50 1.03 ·58 1.00 ·50 .05 .85 (p) (p) 
D • grimshaWi 10 
·90 .40 ·35 ·98 .58 1.03 ·50 .10 ·98 ·30 ·30 .40 (p) (p) (p) {p} 
D.disjuncta 21 .85 1.00 ·58 .61 .05 .85 
...... (p) (p) (p) (p) (p) 
I 
I 
I 
C = common allele, Shared~between species displaying it. 
d = different allele. (se text) 
A dashed line indicates e1zyme displayed little or no activity in that speCies. 
I 
i 
I 
I 
TABLE II. Orphnopeza and Pilimana Subgroups. All allele designations are tentative and are 
made using D. sproat.,i as the standard and Q.. 
Table I for-symbol references. 
grimshaWi as the subgroup control. See 
ORPHNOPEZA sample a 
SUBGROUP size gpdh idh hk-l hk-3 es-2 lap me mdh-l mdh-2 odh pgm adh Fum 
Q.sproati 113 .85 ·30 ·50 ·35 1.00 .65 1.00 ·50 .05 .85 ·30 ·30 .40 (p) (p) (p) (p) (p) (p) 
£.murphyi 25 .85 ·30 .40 ·98 .60 l.00 ·50 .05 1.00 .25 ·30 (p) (p) (p) (p) 
*D.reynoldsla 1 1.08 
D.ochracea 1 
·90 1.05 
D.limitata 3 .85 1.05 .63 ·33 (p) (p) (p) 
*D.claytonae 1 .80 ·50 1.00 ·50 .05 ,. 
£ .villosipedes 1 .85 ·50 
~ 
~ 
PILJMANA 
SUBGROUP 
D'pi1imana 1 1.00 (p) 
D ).ineosetae 4 
·99 ·58 ·33 (p) (p) 
I 
i 
I 
TABLE III. Vesdiseta, Paucipuncta and Adiastola Subgroups. All allele designations are tentative 
and are made using D. sproati as the standard and ~. digressa, ~. paucipuncta and !?.. 
adiastola as the respective subgroup controls. See Table I for symbol references. 
VESCISETA sample a 
SUBGROUP size gpd.h idh hk-l hk-3 es-2 lap me mdh-l mdh-2 odh pgm adh fum 
Q. digressa 2 c c c d c c d c 
Q. virgulata 4 c c c d c c d c 
PAUClPUNCTA 
SUBGROUP 
D. basisetae 2 .87 .75 1.00 .90 .10 .50 
*~. paucipuncta. 1 .87 .98 .. 98 .50 .10 .98 .30 (p) 
ft. :erol.aticilia 3 .80 .98 1.05 .10 .98 .20 
ADIASTOIA ~ ~ 
SUBGROUP 00 
D. setosimentum 2l. .85 .65 c .90 c .90 c 
(p) 
D. adiastol.a 35 .85 c c d .98 .65 c .90 c c (p) (p) 
*D. clavisetae l6 .85 c c d d d c d 
TABLE IV. Th~ Planitibia subgroup. All allele designations are tentative and are made using 
Q.sproati as the standard and Q. silvestris as the respective subgroup control. 
Se~ Table I ~or symbol re~erences. 
! 
PLANITIBIA sample' Cl' 
SUBGROUP size gpd.J.:t idh hk-l hk-3 es-2 laE me mdh-l mdh-2 odh pgm. adh fum 
D. silvestris (19) .85 c c c 1.10 .55 1.00 ·95 .10 ·90 c ·31 c 
(p) (p) (p) (p) (p) 
D. setosi~rons 18 .85 
(p) 
D. plani tibia .85 c c c .55 1.00 ·95 .10 c c c (p) 
D. cyrtoloma .85 c 1.00 c c d d 
.65 
(p) ~ D. ingens 1 ~ 
D. meopicta .85 c c 1.00 d d d 
·31 ~ 
D. hemi~ .85 c c c 1.00 d d d c 
D. obscuripes .85 c 1.00 c c d 
·31 
(p) 
D. melanocephala .85 d d 1.00 c c d d 
D. heteroneura .85 c d c .55 1.00 
·95 .10 c ·31 c (p) (p) 
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P. C. Ekern 
Progress report on meteorological studies. 
Initially: Two climatic stations were installed: 
1. August 1970: Kilauea forest at 5400' elevation in a forest 
opening in Koa, Ohia, tree fern complex. 
a. Hygrothermograph at 1.5 m in a standard shelter. 
b. Two rainfall gages in the open and nine beneath the 
tree canopy to estimate cloud interception. 
Weekly readings of the ~ages are coupled to chart replacement. 
2. August 1970: Mauna Loa transect at 5350' elevation in a Koa 
complex. 
a. Hygrothermograph at 1.5 m in a standard shelter. 
b. Two rainfall gages in the open and nine beneath the tree 
canopy to estimate the cloud interception. 
c. A second thermograph, placed near the ground, was operated 
through July 1971. 
Weekly readings of the gages are coupled to chart replacement. 
The results of the first year of operation have been compiled. 
Two additional climatic stations were installed, summer 1971. 
1. August 1971: Mauna Loa transect, 6650' elevation at the end 
of the road. 
a. Hygrothermograph at 1.5 m in a standard shelter. 
b. Two rainfall gages in the open. 
Weekly readings of the gages are coupled with chart replacement. 
2. August 1971: Kipuka Ki at 4200' elevation. 
a. Hygrothermograph at 1.5 m in a standard shelter. 
b. Two rainfall gages in the open. 
Weekly readings of the gages are coupled with chart replacement. 
-Recording ralngages for 45 dayoperation were delayed in receipt, 
and failed from sundry causes after about 1 month operation, fall 1971. 
Radiosonde raw data from Hilo have been collected for detailed analysis 
of the inversion properties in the air mass upwind from the transects. 
The surface weather maps for the period are filed with the Meteorology 
Department, University of Hawaii, pending the establishment of the 
synoptic flow patterns during. the study period. Instrumentation for 
solar radiation a)1d net radiation (purchased ona Water Resources Research 
Center project) have been received and are under test prior to field 
installation. 
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The Axis Deer Problem Position Paper No. 1 
I have been asked for my considered scientific op1n10n of the advisa-
bility of the proposed introduction of axis deer on the Island of Hawaii. 
Scientifically, this introduction is indefensible. All previous 
experience shows that the inevitable result of the introduction of 4-footed 
animals on an oceanic island is degradation of the ecosystem, loss of vege-
tation and soil and of the animals which depend on these. The delicately 
balanced relationships between plants, animals, soil and water on an island 
evolved in the absence of terrestrial non-flying mammals. 
It is common knowledge that as a natural ecosystem evolves, a complex 
system of compensations develops, and that any adverse influence induces a 
defense. In the absence of any particular such influence, no defense 
against it develops. The absence of mammals on oceanic islands has result-
ed in an ecosystem highly sensitive to trampling and browsing, with no 
capacity for recovery in the face of this treatment. 
The Hawaiian Islands are famous, throughout the world, for their 
remarkable and varied biota. Because of ecological illiteracy and lack 
of appreciation by our forebears of this unique assemblage of plants and 
animals, many of them have been lost already. With every major altera-
tion in the ecosystem, more will go. Some of this is inevitable, because 
of increasing population and the demand for space. But generally there 
is developing a deeper understanding of ecological relationships and of 
consequences, and with this, an appreciation of the value of preserving 
as much of the diversity of t~e natural world as possible. This has 
passed the stage where it is only esoteric knowledge restricted to a few 
ecologists. I have even listened to U.S. congressmen discussing these 
very values. 
There is no longer any excuse for losing these things through igno-
rance. If we deprive our descendents of some of what makes the world, and 
especially Hawaii, an interesting place to live, it is now only because 
we don't care, not because we don't know. 
Scientifically, I have no hesitation in saying that introducing deer 
on the island of Hawaii will, in the long run, be a catastrophe with no 
compensating benefit. If we want to be responsible for depriving posterity 
of part of what makes Hawaii the fascinating and scientifically important 
place it is, we may go ahead with this introduction. He have the island 
of 110lokai as an example of what ~-1ill happen. It is an example that has 
not been adequately studied, but the general lines of what has happened 
in the way of forest degradation are clear enough. If we want a repetition 
of this on Hawaii we could do no better than to introduce deer. It is 
clear that already we have lost more thany any thoughtful and apprecia-
tive person could countenance to the goats and sheep at high elevations. 
Thi~ is described in inimitable fashion by Richard Warner in his essay, 
"A forest dies on Mauna Kea" (Pacific Discovery 13(2): 6-14, 1960). Axis 
deer '-Jill take us much farther along the same path. Hawaii will lose 
just that much more of its uniqueness and fascination. 
Of course, if immediate money returns are all that interest us, there 
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may be room for argument. Certainly more ammunition and firearms will 
be sold if deer are introduced. Certainly a few guides will be employed 
and hotels will have something to advertise that the hunters can under-
stand. More hunting licenses will be sold. There will be short-term 
economic gain. 
It w~ll doubtless be some time before the general cultural level 
will be raised to the point where large numbers of people will want to 
come as tourists to see such things as tree lobelias, fern forests, and 
plant successions on lava flows. But it is most likely that, as leisure 
time becomes more plentiful, such interests will spread and become more 
general. Then it would be a great pity, even economically, if all the 
unique biological features had been sacrificed to the interests of a few 
hunters. 
It has been claimed that the axis deer pose no threat to the wet 
forests of Hawaii. This claim does not seem valid to casual observation, 
but there has been no systematic and impartial investigation of such facts 
as are available. It would seem essential, before bringing deer to Hawaii, 
that such an investigation be carried out. The claim that placing the 
deer in an enclosure on Hawaii is for purposes of investigation is not 
even worthy of a respectful hearing. Anyone wha has watched these animals 
in the field knows that a sheep fence will not contain them. 
Conservationists will not be satisfied with any investigation carried 
out by the State Fish and Game Division, or any other government agency, 
as these are all subject to political pressure and most officials in such 
~ 
agencies consider t~t they are paid by the hc~ters and their objectivity 
is immediately suspect. It has been suggested that an independent scienti-
fic agency, such as the New York Zoological Society, or the Smithsonian 
Institution, perhaps backed by a foundation grRnt, or by State money with 
no strings attached, should be commissioned to carry out a thorough inves-
tigation of this question, to determine, once and for all, what the effects 
of axis deer at various population levels have on the native flora and vege-
tation, and indirectly on the animal life that is dependent on the plants. 
What is really up 'for decision is the level of civilization that the 
people of Hawaii have reached. If Money and short-term advantages outweigh 
the long-term quality of the environment they bequeath to their descendents, 
their cultural level must be rated as low, indeed. 
F. R. Fosberg 
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The Feral Goat in Hawaii, with Particular 
Reference to Problems in the National Parks. 
Position Paper No. 2 
The goat has been present in the Hauaiian Islands for nearly 200 years. 
In the feral state it is a hardy and prolific species that is regarded by many 
sportsmen as a game animal. On the other hand, the goat is an inharmonious 
element in native ecosystems and has caused extensive damage, modifications 
and also probable extinctions relative to the indigenous flora and fauna. 
Feral goats will continue to occupy large areas of wild lands in Hawaii and 
thereby will provide an elusive challenge to the capacities of professional 
game managers. 
The goat presents a serious but needless threat to the integrity of 
many natural areas in Hawaii, including the National Parks. These parks were 
set aside on the same basis as other National Parks across the country, for 
the full protection and wise management of unique esthetic and scientifically 
valuable examples of natural phenomena, for the enjoyment, instruction and 
edification of all the peoples of the Nation. Introduced herbivores, such 
as the goat, are not natural elements in these settings and do not rightfully 
occupy a niche in them. 
The HAWAII CHAPTER OF THE TtlILDLIFE SOCIETY is deeply concerned about 
the continued presence of intolerably large populations of feral goats in 
the National Parks of HC'.~vaii, especially in HaHaii Volcanoes National Park. 
A recent decision by the Park Service to institute a "management" program 
as a concession to local hunting interests will, in effect, perpetuate high 
populations of goats in vast areas of the Park. Coupled with this decision 
is an appare"nt reversal of a previous commendable policy directed toward an 
eventual elimination of goats from Park lands. This disturbing action will 
also largely negate a program for re-cstablinhment of native trees and other 
plants where they have been extirpated by goats. 
The argument has been advancen that goats are needed to control exotic 
grasses. This argument is Hithout merit. !t has been shown adequat~ly that 
goats do selectively or completely supprAss native vegetation of the Parks, 
regardless of their effects on introduced plants, ~nd maintenance of goats 
cannot be condoned for control of exotics. 
Small demonstration exclosures h~ve reve~led after only two years that 
goat- free areas can stage a rf'!rtarkable reco"ery of certain indigenous vege-
tation types. Although exotic species may nryt disappear from all goat-free 
sites in our time, the vitality and aggressiveness of native plants is pro-
bably underestimated in situations of free competition with exotics. Pre-
dictably, removal of goats will establish a long-term self-healing process 
in the vegetation. 
It shall be the position of the WEAl! CHAPTER OF THE WILDLIFE SOCIETY: 
1. To encourage the NationBl :t:>ark. Ser'lice to edopt and enforce a policy 
for the eradication of feral goats from all areas of the National Parks 
in Ha\1aii. 
2. To encourage that methods used include: (a) immediate and repeated 
drives of goats; (b) fencing of critical boundaries and internal manage-
ment units to create barriers to free movement of goats into and with-
in the Parks; (c) utilization of deputized hunters under superv~sion 
of Park personnel to reduce numbers of goats throughout the Parks as 
this program is developed. 
3. That a high priority be given to the goat eradication effort so that 
reasonable and continuous progress will be made. 
4. That the project for re-establishment of native vegetation in the 
Parks be rene~iled and kept in step with permanent removal of goats. 
5. That persistent attention be given to scientific study of the biology, 
behavior, ecology and control of the feral goat in Hawaii, as a game 
species and as it pertains to native ecosystems. 
6. That mana.~ement of goats on lands not controlled by government agencies 
be intensified, specifically by encouraging agreements to permit pub-
lic hunting on privately operated lands, particularly on Hawaii Island~ 
Molokai and the southern slope of Haleakala on HauL This action 
should provide an adequate control of these populations and assure 
sustained hunting opportunities for the public where feasible and de-
sirable. 
7. That introduction of goats to regions of Hawaii not now populated by 
them be discouraged. 
8. That goats be eliminated completely from Kahoolawe and Lanai islands--
from Lanai because the remnants of native forest are much too valuable 
as watershed and for scientific purposes to allow their further and 
perhaps final destruction, and from Kahoolawe because on that island, 
goats serve no useful purpose and will continue to cause deterioration 
of the vegetation and soils. 
It has been stated in reference to the Mediterranean Basin~ that the 
goat-herding stage is the final stage of'civilization. Let us, in Hawaii, 
c~ase follotoJing this route to oblivion. 
This POSITION STATEr-lENT has been adopted by the HAHAII CHAPTER in further-
ance of the objectives of TEE HILDLIFE SOCIETY: 
1. To develop and promote sound stetoJardship of wildlife resources and of 
the environments upon which wildlife and man depend. 
2. To undertake an active role in preventing man-induced environmental 
degradation. 
3. To increase awareness and appreciation of wildlife values. 
4. To seek the highest standards in all activities of the wildlife profes-
sion. 
P. Q. TOQich for I-TAWAII CHAPTER~ THE iHLDLIFE 
SOCIETY 
December lO~ 1971 
.\ synopsis of the Vie,vs of Dr. F. R. Fosberg 
Relative to the Harvesting of Koa and Hapuu 
en the Big Island 
Position Paper No. 3 
These views were presented in a forty-five minute intervie~1 with Mr. 
\ ,~ h ard Lyman (Trustee, Bishop Estate). Dr. Fosberg consumed most of the 
: :::.e. A tape recording of the interview is available. 
The koa proposal needs to take but little of our time as, indeed, 
1, took litt Ie of Dr. Fosberg' s. He feels that proposals developed by Mr. 
~;:: rman Carlson(Bishop Estate Forester) ;;1re eminently sensible, and with com-
tent help in carrying out should be sound. 
The hapuu (Hawaiian tree .fern) presents a different and much more 
ccoplicated problem. The following factors were advanced by Dr. Fosberg: 
1. The hapuu is not a decadent forest, but is probably stable at the pre 
or post climax level. 
Z. There is no doubt that there is a big market for hapuu. 
l . Hawaiian hapuu has certain unusual characteristics which make it .of 
particular value. Other varieties which do grow faster do not have 
these qualities and therefore should not be introduced. 
" Remarkably little is known about hapuu. Whether it can be artifi-
cially propagated to establish a sustained yield needs careful 
study. 
Should substantial quantities 
some exotics would take over. 
to be of great concern to Dr. 
trol program to be urgent. 
of hapuu be removed, it is likely that 
This problem of the exotics appeared 
Fosberg who feels the need for a con-
Certainly it would be an error of the first magnitude to bulldoze 
the 3,000 acres and harvest all of the hapuu. This probably would 
be an uncorrectable error, for we do not know what we would get 
back, but the chances are it would not be hapuu. 
The man who has been given permission to harvest eleven acres has 
done a poor job, having apparently become a little bulldozer-happy. 
But since this has been done, a study of sustained length should be 
undertaken to determine what happens as a result. 
On land not now in hapuu, experiments with its artificial propagation 
should be undertaken. 
As to the specific proposal that 200 acres be harvested with care and 
the results studied, Dr. Fosberg appeared unwilling to say whether it 
Was a good idea or not. This failure to take a position seemed to 
stem from his feeling that just not enough \vas known about the problem. 
In such a situation, scientists become conservative. 
If the decision were made to go ahead, he ,,]ould be willing to make an 
on-site study, time permitting, to develop guidelines. 
September 16, 1971 
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~osition Paper No. 4 
I. A PROGRAM FOR ESIABLISHING NATURAL AREA RESERVES IN THE HAWAIIAN ISLANDS 
1. Definition. A Natural Area is an ecosystem in which the modifying influ-
ences of technological man are kept to a minimum. A native forest may 
be a good example of a natural area, but the definition is not restricted 
to undisturbed native vegetation. Natural and undisturbed are often 
considered equivalent concepts. To avoid this misconception, I suggest 
that we designate a natural area as an ecological reserve. This term 
draws attention to a system in which usually many biota interact with 
one another. Disturbances (- perturbations of a non-technological aatu~,) 
are part of such living systems. 
2. We may recognize two kinds of natural ecosystems or ecological reserves: 
<.> Representative 
(b) Unique 
A representative ecosystem is a type-sample of a recurring ecosyste. 
that can be found over a relatively large geographic area or repeatedly 
in different geographic areas in the same macroclimate. An example 1. 
the ohio-tree forn forest. Reprcscntative ccosystems should hova on 
approximate minimum size of not less than 1000 acres. However, depend-
ing on local conditions, we may accept aarepresentative certain areas 
as small as 200 acrea (800 x 1000 m). Since representative areas are 
samples of something larger, they should also have a maximum size limit. 
1 suggest a maximum s1ze limit of 10,000 acros. It il 1mpormnt that 
the acreage available for ecological reserves is not swallowed up by 
only a few representative samples. Instead, we need to establish a~ 
pIes of all important Hawaiian ecosystems. 
A unique ecosystem is one that has very important individual character!.-
tics. The small ailversword population near Wailuku Gulch on the eaat-
flank of Mauna 'Kca is an examl'le. or the Randalwood forest on the west-
side of Mauna Loa.. These unique ecosystems are generally smaller and 
they may be one acre or less i.n size. They are usually already remnant 
examples, and their establishment as reserves must receive special atten-
tion and urgency. 
However, establishment of unique eco1ogical reserves, which will require 
more documentation, should not hold up the progress in establishing a 
syste~ of representative ecological reserves on each of the 6 larger 
Hawaiian Islands. 
3. The 1971 Report of the State Dept. of Land and Natural Resource. for 
1969-70 lists on p. 49 Table 8 Forest Reserves by Islands. 
On this basis we may establish arbitrarily a certain acreage (2al) and 
number of representative Ecolo&ic§l Reserves (M Natural Areas). 
Acres in Forest Reserves 
(in thousands) 
hland All agencies State owned 
Kauai 163 83 
Oahu 123 30 
Mo1okai 46 20 
. .'.; I '~. 
Lanai 6 0 
Maui 159 86 
Hawaii 699 581 
Acree in Ecolo~tcal keeerves 
(in thousands) 
Stat~ ~n.d 
11 
6 
4 
17 
117 
162 
4. If we assume that a larger number of ecological reserves would have a 
mean acreage of about 1500 acres, we can set a target of 100 Bcological 
Reserves by 1975. It would be appropriate for the State of Hawaii to 
lead the U.S. in a program of establishing Ecological Reserves. This 
* We should find a way to get at least one 1000 acre reserve on Lanai. 
would be appropriate, because Hawaii is the only state that lies 1n the 
confines of the tropics, and it is the state that has the most to offer 
in natural beauty and uniqueness of biological resources. 
5. Layout of Ecological Reserves. They should be laid out in altitudinal 
belt-transects that cut through a maximum of variation in vegetation. 
habitats and climates. Ideally, these belt-transects should be contin-
uous from mountain tops to sea level. But by necessity, they may have 
to be arranged in an interspersed plot series, each plot about 1000 
acres of minimum size. 
6. The objective should be to go ahead as quickly as possible with setting 
aside the representative Ecological Reserves in State owned Forest Re-
serves and other more readily accessible ownership categories. We may 
even reduce the target date, or increase the number of representative 
Ecological Reserves. But 25-30 Ecological Reserves established per 
year until 1975 would set a good record that would boost the State's 
image considerably on the national and international level. At the same 
time, we should process areas that are unique and that need immediate 
protection because they are endangered. 
II. POINTS ON HAWAII TIMBER PRODUCTION 
1. Letter of Hiram Fong to Steve Montgomery (dated June 4, 1971) says: 
"l believe that intensive production of Southern Pine and possibly other 
species of trees would be a distinct economic advantage to Hawaii's house-
l>uHding industry." 
2. Question: What are the lumber needs of Hawaii's housebuilding industry? 
3. A paper by G. D. Pickford (Hawaii State Division of Forestry, entitled 
HAWAII FOREST Fu~URES, 1 page, undated, probably 1963) says: 
"Hawaii uses ,more than 100 million board feet of timber products annually." 
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But: "only a. million board feet: of lumber arc produced in the State." 
It. Questions: Is it worth it to help Hawaii's housebuilding industry by 
providing (presumably) ch~aper wood for construction purposes? Who is 
the beneficiary? 
5. If the benefits are to be passed on to the consumer (following the s10· 
gan liThe most good for the most peoplelt ), 11 cheaper price for family 
housing requires raising the local lumber production from the 1% tn 
Pickfordls estimate to at least 20% per year. (This is a conservative 
estimate.) 
6. In that case, a large acreage of Hawaii forestland would have to be 
planted to commercial timber species. 
7. What forestland would be available for such an increased timber produc-
tion? 
8. Letter of Hiram Fong of June 4, 1971 says: 
"A recent inventory has shown that there are a million acres capable 
of growing renewable tree crops." 
9. This figure appeared in the 1963 report by R. E. Nelson & P. R. Wheeler 
"Forest Resources of Hawaii -- 1961," according to which 27% of the State's 
total land were classified as commercial forestland, 
10. Note that almost 40% of these (a little over) one million coUl'Rercial 
forestland is covet"ed by non-commercial forest, mostly native ohia forest. 
11. Therefore, implementation of a timber production program to benefit the 
consumer finanCially would require further substantial conversion of 
n~tive ohia forests (primarily on the Big Island) to timber production 
forests. 
12. What would we gain? A faster growing conmerclal tree crop perhaps. 
But a doubtful economic benefit: In our rapidly changing times, many 
'21.00 
wood-substitutes have come on the construction roaritct. Timber from 
standard timber-growing areas, Stich as the Pacific Northwest may be as 
cheap or expensive as loccllly grmv!1 ti.mber. (Think only of the price 
of banana or pineapple in mainland sup~rmarltcts as corrpan'!d to island 
stores.) Housing development in the state will undoubtedly be away 
from single-family housing to multiMfsmily housing. Such larger city 
structures are not made from wood anymore. 
13. What would we lose? 
(a) The Inst larger reserve O£ truly virgin fore.at in the United States. 
A native forest vegct"lticn thrH bas never been exploited for timber 
before. 
(b) A forest vegetation that is unique on the entire surface of our 
planet. 
(c) The only trop::'co.l fores I: in the Ib,its of i:he United States. 
(d) The greatest resource of knowledge for the fJtwir of biological evolu· 
tion. 
(e) A resource for education and ~creation enjoyment 1n the apprecia-
tion of biological divc~Bity. 
14. These losses cannot <zaslly b~ rli.2;:L iH:cd in mQn~y valut;!s, b~cauce they 
are cultural vQlues. 
III. HAWAII FORESTRY OBJECTIVES TO BE &llCOIJRi';,GED 
1. Forestry is an important professional field because Fore3try is concerned 
with the proper caretaking of all non-agricultural land resources out-
side the centers of urban development and human habitation. In the State 
of Hawaii this relates to about 50% of the land erea or about 2 million 
acres. 
2. It is the proper caretaking of these lands, vegetnti.on and l7ater resources 
2:10 tA.r 
that makes Forestry a profession. It is not merely the skill of exploit-
ing ~se resources for financial gains, public or private. 
3. In view of the state's unique biological values summarized under point 13 
in the statement about "Points on Hawaii Timber Production," it is sug-
gested to ban all exotic tree planting as replacement of native forest 
vegetation. 
4. A number of Forestry Objectiv~s are to be encouraged in the State of 
Hawaii. These are: 
--to encourage reforestation of poor-quality exotic replacement vegeta-
tion that became established through fire, grazing and abandoned cul-
tivation particularly in the lowlands; 
--to encourage koa and tree fern silviculture on a limited scale. This 
should firstly be carried out on poor (low-production)grazing land 
that has been under koa befo~e conversion; 
--to encourage watershed research and watershed management. As reeog-
nized i.n the earlier Hawaii State Forest Policy up to 1960, water as 
correlated with forest vegetation, and function of the forest as a 
protective cover and water flow regulator should again become one of 
the primary concerns. Hater needs are constantly increasing; 
--to encourage research into the effects of introduced mammals on Hawaii's 
vegetation and ecosystems; 
--to encourage "pest" control, for example of banana poka and other ob-
noxious foreign plant invadors in the sense of liberating regenerating 
native tree individuals from being overgrown by competition. In con-
trast, whole-scale eradication programs should not be encouraged, unless 
they are well-proven biological controls. 
D. Mueller-Dombois for 
Hawaii State Commission on 
Natural Areas 
December 10, 1971 
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ISLAND ECOSYSTEM STABILITY AND EVOLUTION 
This subprogram is concerned with the study of terrestrial ecosystems that evolved 
in complete isolation in the midst of the Pacific Oc('!an (Hawaiian Islands). 
The uniqueness of this isolation is the presence of the same principal 
environmental components as in m~ny tropical mainland ecosystems, but with 
the point of departure that the biotic component was extremely restricted in 
origin. This original biotic component has evolved into a diversity of its 
own. 
The main problem in the island ecosystems is that to the endemic diversity 
has been added a non-evolutionary diversity through man-introduced biota. 
A competitive struggle is going on in many ecosystems that threatens to wipe 
out the endemic diversity in several of the island habitats. However, man 
has been the principal direct factor in lowering the resistance of the endemic 
island ecosystems. 
This subprogram aims at uncovering the fundamental causes in this com-
petitive struggle to gain insights into the stability-fragility relations 
of those native ecosystems where the direct interference of man was held 
at a minimum. This requires observations also in man-disturbed ecosystems 
for experimental comparisons. 
Strategy and objectives 
These are directed toward 
• Intensive studies of a few selected ecosystems whose species composition 
and structure has been the result of island evolution. 
The main questions asked are: 
1. What is the nature of their compositional and structural variation? 
2. What are their directions of development? 
3. What are their rates of population change or maintenance? 
• Comparisons of ecosystems along well defined environmental gradients 
(transects) to study the factors and mechanisms responsible for changes 
in ecosystem stability. 
The main questions asked are: 
1. What is the effect of physical environmental change on stability 
along the transects? 
2. Of what nature are the interrelations of diversity and stability 
along the transects? 
3. What is the relationship between life form composition and distribution 
(structure), regulatory organisms (dominants) and stability along 
the transects? 
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Comparisons of successful endemic populations regarding their mechanisms 
of adaptation to the island ecosystems. 
The main questions asked are: 
1. Why do some of the successful biota show incomplete speciation, 
while other successful ones show fragmentation into many species? 
2. What factors determine their relative success? 
3. What are the rates of speciation? 
• Eventual comparison of the stability of island ecosystems to environ-
mentally and structurally simifur continental ecosystems. 
Current activities 
A. Intensive study of selected ecosystems 
A comprehensive ecological survey was begun in a 200 acre site occupied 
by a native montane forest ecosystem. The principal structural components 
are scattered, tall, big-diameter Acacia koa trees and groups of Metro-
sideros polymorpha with several other native tree species as subcanopy 
members. A third major biomass stratum is formed by tree ferns (Cibotium 
spp.). 
The base lines were surveyed and two 1000 m long transects were flagged 
out with 10 plot points at intervals of 200 m. The first sample plot 
has been completed. In addition to the plant ecological survey, insect 
and bird surveys are carried out along the same transects. Malaise traps 
and attractant ~gs have been placed at various strategic positions in 
this forest, 
A climatic station was installed in August at this site for continuous 
recording of temperature and humidity. Rainfall in the open and under 
trees is checked at weekly intervals. Precipitation measurements under 
the canopy are particularly important here, because of the suspected 
high moisture contribution from cloud interception. 
Check lists of all biota in this furest are currently prepared, and further 
sampling techniques are being worked out. Nine investigators are con-
tributing to this study. 
B. Ecosystem transect study 
Six ecosystem transects have been defined and described on Hawaii. These 
range from 10-22 miles in length. One of these extends from the top 
of Mauna Kea (near 14,000 feet elevation) to the sugar cane fields above 
Hilo. Another lies parallel to the Mauna Kea transect on the east flank 
of Mauna Loa, where it traverses similar climates but much younger substrates. 
The four remaining transects are in Hawaii Volcanoes National Park and 
extend the Mauna Loa transect down to sea level. 
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Most the the 30 principal ecosystems along these transects have been 
studied by about two 500 m2 vegetation samples each. The plot locations 
are currently transferred on a new 1 : 24,000 vegetation map, which is 
prepared under this subproject. Field work for the map is completed. 
Sixty-two plant check lists with quantitative information on species 
cover are currently programmed for computer storage, retrieval and various 
summaries to be available for any project participant. The same will 
thereafter be done with the insects and other biota checklists that 
are coming forth in the near future. Nine investigators have so far 
contributed to the transect study principally by attempting to establish 
the diversity of their particular biota in the various ecosystems and 
by defining the amplitudes of species along the transects. Seven phe-
nological and two climatic stations were established in different macro-
climates along the transects. 
c. Evolution studies on endemic populations 
Most of this work has been done along the transects, but some highly 
specialized populations, such as the Hawaiian Diptera and certain Hawaiian 
birds have been followed into different areas. The same is true for 
the genecological studies of the widely distributed polymorphic tree 
Metrosideros. The evolutionary objectives are pursued on all major 
islands, particularly on Hawaii, Maui and Kauai. They are not necessarily 
tied to the transects. 
The ecological studies will be extended eventually also to Maui and Kauai. 
Submitted for inclusion 
in the Progress Report of the 
ORIGIN AND STRUCTURE OF ECOSYSTEMS main project 
by 
Dieter Mueller-Dombois 
Scientific Coordinator 
Hawaii IBP 
February 22, 1971 
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March 4 J 1971 
CIRCULAR LETTER TO HAWAII IBP PARTICIPANTS 
By Dieter Mue11er-Dombois, Scientific Coordinator 
This is a follow-up message to our workshop meeting of March 2, 1971. 
Among the several items discussed at that meeting I emphasized the need for 
an improved ecosystem model for our transect study. 
HAWAI I ECOSYSTEM MODEL 
Starting from our first descriptive model FIGURE 15 in our funded February 
Proposal, I put on the board what I considered a somewhat improved model. This 
is here attached as fig. 1. 
The model shows the 4 main components - climate, position, vegetation and 
soil or substrate - by which each ecosystem along the transects is defined. In 
the center appears the dominant organism responsible for the general structure 
of the ecosystem. This organism or combination of dominant structure-forming 
organisms also provides for a secondary environment (or stand climate) that is 
regulating to a greater or lesser degree the life functions of the associated 
biota. 
The latter are shown as radiating out from the center. Names of principal 
investigators are attached for further information on how our program is integrated. 
In terms of functions we can summarize: 
1. The primary producers (higher plants, dominants and undergrowth, mosses, 
lichens, algae). 
2. The consumers (mammals, birds, snails, fungi, phytophagous insects, sap-
sucking insects, fruit and seed feeding insects, bark and wood feeders). 
3. The decomposers (soil arthropods, mites, fungi, litter ants and inqui-
linoua coleopterous scavengers). 
4. The parasites and disease-causing organisms (we have so far 3 groups con-
sidered only: vertebrates, endemic insects, Drosophilidae). 
5. The pollinators (we have no one specifically working on this important 
aspect of ecosystem function. Rirashima from Japan was elected to work specifi-
cally on insect pollinators, but he will enter the study only in the 3rd year; 
the role of birds should be particularly considered here). 
We may identify other important ~cosystem functions of specific biota a8 we 
gain more knowledge of our selected ecosystems. 
ECOSYSTEM STABILITY 
I would like to remind you that our key research inquiry is ECOSYSTEM STABI-
LITY. 
21.5 
-2-
How do we incorporate this problem into our program for the purpose of getting 
an integrated result soon? 
I see a possibility for an integrated study of the eight ecosystems, shown 
as segments 2 through 9 on the attached fig. 2. This is the now reasonably 
familiar east-flank ecosystem profile on Mauna Loa. Segment 9 stands for Kipuka 
Ki and Kipuka Puaulu, a well developed forest ecosystem type. 
I expect that we find only in these kipukas (and also in the Kilauea koa-
ohia-tree fern forest, for example) the full complement of biota and interactions 
as visualized on fig. 1. As we move upward the Mauna Loa slope from here,rainfall 
and temperature both decrease simultaneously. This macro-environmental change 
upslope is clearly reflected by significant changes in the dominant structure-
forming organisms. The latter changes gave rise to the recognition of the eight 
different ecosystems that follow upslope from Kipuka Ki. 
Associated with these structural changes we can surely expect for each of the 
oth~r biotic components the following; 
1. Changes in abundance (population size). 
2. Changes in number of species in each biota group. 
3. Changes in adaptation (to the extent of speciation). 
4. Changes in the composition of native and exoti~ organisms in each 
biota group. 
The magnitude in modification of the stand environment (central position, 
ecosystem model) is expected to decrease with size and spacing (or density) of 
the dominant life forms from a macro-environment which is strongly modified by 
the stand environment (in the kipuka forests) to an almost direct effect of macro-
environment along the ecosystem gradient: 
forest ----} scrub ---;>- herbaceous cover --~ moss and lichen cover. 
This sort of ecosystem gradient, however, somewhat more complicated, exists 
upslope from Kipuka Ki (4000 feet) to Puu Ulaula (Red Hill at 10,000 feet). 
By relating the above biota changes across this transect portion to one an-
other we can produce the first basic integrated results of our progl:am in a rea-
sonable time, let's say by December 1972 (in time for the Second Progress Report). 
This would ensure our funding through the anticipated 5-year period. 
INTEGRATION IN THE FIELD 
I suggest that we begin by proper integration in the field as follows: 
Fig. 2 shows under the segment numbers (2-9) 21 releve or plot numbers re-
lating to already once studied field-areas that were considered representative 
for each of the ecosystems. The plots are all mapped on the attached 4 map sheets. 
These are reductions of half sheets of the standard 1 : 24,000 topographic map 
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sheets for the transect section of fig. 2. These reductions are at a scale of 
1 : 48,000 (i.e. 1 cm on the map = 480 m in the field). The Kilauea sheet is 
here added for convenience. 
It ~uld be good for these of you interested in this integrated transect 
study if you would use the same study locations. The plant check list transfer 
for the 21 releves (but also for the others) to the computer will be completed 
soon. We also have quantitative data, soils, rainfall and temperature data. 
The latter from extrapolation of the nearest climatic stations. What is needed, 
is the analysis of your particular biota in the same areas along this transect. 
As soon as you produce your species lists, we should transfer them to the 
computer. The same will apply to any of the quantitative parameters. I believe 
it will be useful to first establish the patterns, then to correlate them and 
then to work on explanations. 
I will mark in the field the 11 plots in transect segments 7-9 in April, so 
that you will be able to find the locations. The 10 plots in segments 2-6 are 
along the trail above the Mauna Loa Rain Shelter. The trail starts from the end 
of the road. You can locate these plots yourself with the help of an altimeter. 
However, if anyone wishes me to mark these also, I will do so. 
NEED FOR FURTHER THOUGHT-INPUT 
Obviously the model on fig. 1 is crude. We need to work on its refinement. 
I would like herewith to suggest to everyone on the program who works with a par-
ticular group of biota to compose an interaction model for his own group. In 
this case, you put your organisms in the center of a diagram and start building 
the ecosystem components around that you find are interacting with your organisms. 
Then identify the nature of these interactions. Do these for the kipuka forests 
and then through the other seven ecosystems upslope to segment 2 (fig. 2). 
We will have another workshop meeting in early May. At that time it would 
be fine if you could present on one sheet a pictorial or box model (similar to 
ftg. 1) for your particular organism at least for one ecosystem type, let's say 
a forest ecosystem. Please make 30 copies of your diagram for distribution 
to the other program members. 
This will greatly help in identifying the areaS of interaction among our 
group and will significantly help in thl~ needed interpretation of population pat-
terns that we will identify along the Mauna Loa transect. 
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CIRCULAR LETTER TO HAWAII IBP PARTICIPANTS 
Dieter Mueller-Dombois, Scientific Coordinator 
From the reports and surrmaries given prior to and at the last workshop 
meeting on May 6, 1971, we no\v have a fairly good indication as to your 
participation in the Mauna Loa Transect study. 
However, there are considerable problems in correlating the distributions 
of different organisms groups. For example, many of the smaller life forms, 
such as fungi, algae and insects may give a realistic altitudinal variation 
only if sampled with respect to a specific substrate type that you have to 
decide on. Secondly, there is the problem of number of sampling places that one 
needs to present meaningful distribution-abundance curves. Thirdly, there 
appears to be a definite advantage, if not necessity (in the case of the smaller 
life forms), to sample in the same locations as for the larger life forms 
(i.e., see plants, birds and mammals). 
One of my main concerns at the last workshop meeting was a further 
clarification as to the questions that we may ask and answer with the 
Mauna Loa Transect study. For this reason I discussed the topic of environ-
mental gradient analysis VJith respect to Hhittaker's recent treatments. I 
briefly elaborated on the four hypotheses of organism distribution that he 
very clearly stated in his 1970 textbook (see belm.]). These relate directly 
to the hypotheses stated in our funded IBP proposal, where the point \·7as made 
that the Ha\vaiian biota appear to display a considerable measure of 
co-evolution. 
Co-evolution implies that many of our endemic biota are highly specialized 
in adjustment to the major community-structure forming organisms. For example, 
when a native forest is cut and replaced by exotic tree species, we have noted 
that the other native biota are also destroyed to a large measure and do not 
reinvade the exotic tree plantation. 
A high measure of co-evolution "Jould imply a high degree of dependency, 
interaction and correlation in distribution. The degree of correlation in 
distribution is ~hat ~e can test as the first step in the Mauna Loa Transect 
analysis. 
Following is a review of environmental 
together as part of a chapter on ecological 
vegetation ecology (soon to. be published). 
presented here with this reservation. 
gradient analysis that I put 
field analyses for a textbook 
Therefore, the information is 
on 
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10.6 Environmental gradient analysis 
10.6.1 The concept 
The concept of environmental gradient analysis does not differ in 
principle from the previously discussed approaches of ecological species 
group derivation and ecological classification. All three relate to the 
analysis of species and cormnunity distribution along known environmental 
gradients. The approach from environment to floristic analysis has been 
distinguished in a recent review paper by Whittaker (1967) as direct 
gradient analysis. The approach through patterns formed by the vegetation 
itself is called, by Whittaker, indirect gradient analysis. The latter 
does not differ in principle from the cormnunity classification by means of 
differen~ial species groups or the ordination of vegetation samples by 
community correlation coefficients or similarity indices. In the latter 
approach, the floristic pattern evaluation comes first. Thereafter, an 
attempt is made to interpret the floristic patterns in terms of environ-
mental relations. In direct gradient analysis, the environmental variation 
is known at the start. The floristic variation is then correlated to find 
out to what extent the known variation of environment is also the cause for 
the floristic variation encountered. Therefore, environmental gradient 
analysis contributes greatly to elucidation of the underlying causes of 
plant and community distribution. Although, cause and effect relations at 
finer levels of plant distribution are difficult to establish through field 
observations because plant to plant interactions, animal browsing or grazing, 
fire and other superimposed factors often obscure direct relations to known 
environmental factor intensities. The cause of these finer patterns can 
only be determined through experimentation (see 
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10.6.2 The technique 
The basic question in environmental gradient analysis asked by 
Whittaker (1967, 1970) is, "How are species populations distributed in 
relation to one another and communities along an environmental gradient?" 
As an example, consider an altitudinal gradient upslope along a 
mountain side that shows more or less clear vegetation belts or zones. 
Whittaker's approach has been to sample such an altitudinal gradient at 
predetermined elevational intervals by quadrats along transects. In forest 
and heath vegetation (Great Smoky Mountains, 1956; Siskiyou Mountains, 1960) 
2 
he used 20 x 50 m quadrats. These were laid out at 50 m or 100 m altitudinal 
intervals. Commonly, he used five or more such quadrats for an elevational 
interval of 100 m. In the quadrats he enumerated all trees and shrubs. 
Herbs were assessed in terms of frequency in each of these quadrats by 
twenty-five placements of a 1 m2 frequency frame. The results of the five 
or more quadrats were combined for each elevational interval. The result 
of these composite samples were then plotted in relation to the elevational 
gradient. The distribution of each quantitatively more important species 
was expressed by its range and by its change of quantitative importance 
along the gradient. The distribution range was plotted along the abscissa, 
which showed the elevational gradient. The quantitative shift of the species 
along the elevational gradient was usually expressed in relative or percentage 
values (e.g., number of individuals of a tree species over number of individuals 
of all tree species at that elevation). These quantitative values were 
plotted as y-values (ordinate) over the x-axis (the environmental gradient). 
The diagrams produced in this way show a series of belt-shaped species 
curves. The characteristics of these species curves are that they show each 
222 
an individual position with regard to curve peak (mode) and range. The 
species modes differ from one another by position along the x-axis 
(=elevation) and by height above the x-axis (=quantitative importance). 
None of the species portrayed by Whittaker show closely similar distribution 
ranges. Moreover, hardly any of the species show closely coinciding 
positional modes along the elevational axes. 
10.6.3 Conclusion 
From his studies of species distributions along environmental 
gradients done in this manner, Whittaker (1970, p. 37) draws two conclusions 
(quote): 
"1. Each species is distributed in its own way, according to its 
own genetic, physiological, and life-cycle characteristics and 
its way of relating to both physical environment and inter-
actions with other species; hence no two species are alike in 
distribution. 
2. The broad overlap and scattered centers of species populations 
along a gradient imply that most communities intergrade con-
tinuously along environmental gradients, rather than forming 
distinct, clearly separated zones. (Either environmental 
discontinuity or disturbance by fire, logging, and so on, can, 
of course, produce discontinuities between communities.)" 
(end of quote) 
With this conclusion, Whittaker clearly supports and reemphasizes 
the concept of species and community individuality of Ramensky (1930) and 
Gleason (1926). Moreover, he has come to the same conclusion as Curtis and 
3 
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his collaborators of the Wisconsin school of the continuum. Whittaker arrived 
at this conclusion through direct gradient analysis, the Wisconsin workers 
primarily through indirect gradient analysis. 
10.6.4 Unresolved questions 
However, basic questions remain unresolved: 
(1) How is it possible that so many vegetation ecologists have come 
to the conclusion that species groups can be recognized that 
have closely similar distributions in nature? 
(2) How is it possible to recognize vegetation belts along an 
altitudinal gradient, for example, if there are only over-
lapping ranges of species distributions? 
(3) How can one explain the often abrupt change in vegetation 
structure in an altitudinal zonation from forest to scrub, the 
often marked zonation of herb-shrub-trees on a uniform coastal 
dune substrate or the marked zonation on salt flats or other 
habitats where the environmental gradient does not change 
abruptly, but the vegetation structure does? 
The existence in nature of the phenomena mentioned under the third 
point is well documented in many studies, and was recently newly clarified 
by Daubenmire (1966, 1968, p. 18). Whittaker and others (e.g., McIntosh, 
1970) apparently deny this phenomenon as having any reality. 
The second question above remains unresolved in Whittaker's (1970) 
latest treatment. 
The first question is answered in part by Whittaker himself. He 
says that groups of species (or communities) can only be recognized 
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arbitrarily. This is true. But the'answer is unsatisfactory, because it 
evades the real question. "Arbitrary" i~ too general a word for the 
phenomenon that some species have more c16~ely coinciding distribution 
\ 
ranges (though not exactly coinciding ones)\along specific environmental 
gradients than others. It does not matter th~t the degree of similarity 
or dissimilarity of distribution ranges is continuous in principle. 
Whittaker (1967) does not deny the existence of ecological groups 
of species. But he defines them as species that have closely coinciding 
modes along a specific environmental gradient. Therefore, their ranges 
may be broadly overlapping. Also, Whittaker's ecological groups may be 
species of different life forms. Therefore, trees, shrubs, and herbs may 
form one ecological group. This is in clear contrast to the ecological 
group concept of Ellenberg, who defines them as species of closely similar 
life forms growing together in the same habitat and showing closely similar 
distribution ranges with regard to a specific environmental gradient. 
It is, of course, more likely to find species with closely similar 
distribution ranges among combinations of different life forms. The 
clearest case of such closely coinciding distributions are host-parasite 
relationships. But the degree of complementation and interdependency among 
species shoul.d, in principle, vary continuously among different life forms 
and species. 
It is hard to understand how one viewpoint of non-correlation of 
species ranges should be the answer to the question of species and community 
distribution in nature. Certainly it would be equally dogmatic to claim 
correlation of species ranges as the only true expression of community 
development in nature. However, such close correlations can be expected 
5 
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also, and there seems to be no good reason why the two forms of species 
distributions cannot coexist as facts in different situations. It is for 
future research to decide what patterns of species correlations apply to 
particular groups of organisms and life forms and to particular areas and 
environmental gradients. 
10.6.5 Four hypotheses 
Whittaker (1970, p. 35) presents four distinct hypotheses to this 
problem. These are (quote): 
fll. Competing species, including dominant plants, exclude one 
another along sharp boundaries. Other species evolve toward 
close association with the dominants and toward adaptation for 
living with one another. There trees develop distinct zones 
along the gradient, each zone having its own assemblage of 
species adapted to one another, and giving way at a sharp 
boundary to another assemblage of species adapted to one 
another. 
2. Competing species exclude one another along sharp boundaries, but 
do not become organized into groups with parallel distributions. 
3. Competition does not, for the most part, result in sharp bound-
aries between species populations. Evolution of species toward 
adaptation to one another will, however, result in the appearance 
of groups of species with similar distributions. 
4. Competition does not usually produce sharp boundaries between 
species populations, and evolution of species in relation to 
one another d~es not produce well-defined groups of species I 
6 
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with similar distributions. Centers and boundaries of species 
populations are scattered along the environmental gradient." 
The above four hypotheses were quoted in full because they are 
perhaps the clearest statements recently presented on this problem. 
All four seem possible: The first in species-poor areas, where each 
synusia in a community is represented by only few species, perhaps by only 
- -
one, and where the parallel distribution ranges relate to species of different 
life forms or different sociological value (sensu Daubenmire, 1968). Here, 
one such integrated unit (=community) competes with another such integrated 
unit of complementary life forms. Each species of parallel life form 
excludes the other by competition. This situation of all synusiae replacing 
each other at the same point along an environmental gradient is, however, 
unlikely to recur at several points with such precision as suggested in 
hypothesis 1. 
The second hypothesis may find reality also in species-poor areas 
where -the S-yt1u-siae £on-sist t)f -only a fe'o·ror-one specie-so - But nere- tne 
different life forms or synusiae are not well integrated. Each synusiae 
has its individuality of distribution. For example, an undergrowth fern 
synusia may extend beyond the limits of the forest overs tory into a 
neighbouring scrub community. Where the fern synusia meets a grass synusia 
there may be a sharp boundary along the gradient. Such distributions have 
been observed also. 
The third hypothesis postulates correlated modes of species distribu-
tion (="ecological groups", sensu Whittaker, 1967), but overlapping ranges. 
The correlated modes are most likely to be found among species of different 
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life forms that do not compete with one another for the same niche. Such 
distributions have been observed by many investigators. 
The forth hypothesis is the one of non-correlation in species modes 
and distribution ranges. Whittaker has demonstrated this "individualistic" 
pattern of species distribution with data from several areas. Therefore, 
he holds to the view that this is the only realistic pattern in nature. 
His ecological group concept is thus clearly only a marginal idea as it is 
only explained by the third hypothesis. 
10.6.6 Application to evolution 
It is clear that the question of species and community distribution 
one of 
is not yet closed with an acknowledgement of only/the four hypotheses as 
portraying a realistic trend. 
Further research into this question is important as it has a great 
8 
bearing on the evolution of species interactions, the evolution of communities 
and ecosystems. Whittaker (1967, 1970) holds that the highest degree of 
integration is accomplished by a high beta-diversity. This means acconulloda-
tion of a large number of species with restricted distributions along an 
environmental gradient, as opposed to few wide-ranging species on the same 
gradient. The term beta-diversity is understood as a contrast to alpha-
diversity, which refers to the number of species in a given community. 
Whittaker believes that the trend in natural selection and plant 
evolution has gone away, rather than towards the formation of species with 
parallel distributions. This is an interesting thought. But an increase 
in floristic richness on a given environmental gradient leading to narrower 
di.stribution ranges of most species involved, may also be accompanied by 
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life form complementation and thus may not necessarily result in a tendency 
toward greater overlap in distribution ranges. 
9 
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APPLICATION 
The following sheet (Fig. 1) showing 12 established sampling points (or 
vegetation samples; releves) along the Mauna Loa Transect plus 7 additional 
ones under Variations was distributed already at the May 6 meeting. Added 
here are only the altitudinal limits of the transect segments 2 through 
8. The transect segments, as you know, are the ecosystem types as described 
in the 1966 IIAtlas for Bioecology Studies in Ha~}aii Volcanoes National Park. II 
I wish to recall here that the relev~s are only established on the oldest 
substrates along the Mauna Loa East Flank Transect. The more recent lava 
flows were purposely omitted. There are a few additional releves on more 
recent flows, but they are not included here. Also, in establishing your 
own sampling points, you should keep this in mind. 
I now would like to go one step further into the application of the 
sampling procedure. 
For the plant ecological analysis, we have decided to subdivide the 
altitudinal gradient from 4,000 to 10,500 feet into 500 foot intervals and 
to expand the number of releves to 3 for each altitudinal interval and main 
life form group. 
11 
231 
12 
FIGURE 1. MAUNA LOA TRANSECT ANALYSIS 
Each participant should include first the basic sampling plots, then he may 
add others. A minimum is 12 sampling points: 
Releve 
20 
40 
21 
24 
17 
16 
15 
11 
14 
43 
44 
45 
Elevation (ft.) 
4,000 1 
4,400 j 
5,200 ~ 
6,200 ) 
6,800 ( 
7,000 ) 
7,600 ) 
8,0001 
8,200 ) 
8,500 
9,200 
10,000 
Ecosystem 
Savanna 
(segment 8) 
4 - 4,500' 
Parkland 
(segment 7) 
4.5 - 6,600' 
Open subalpine 
forest-scrub 
(segment 6) 
6.6 - 7,500' 
Tree line 
scrub 
(segment 5) 
7.5 - 8,100' 
Alpine scrub 
(segment 4) 
8.1 - 8,500' 
Alpine scrub 
(v. sparse) 
(segment 3) 
8.5 - 10,000' 
Moss desert 
(segment 2) 
10 - 1l,000' 
Variations 
Save Forest (Kipuka) 
19 39 62 
(segment 9) 
Koa Grass Scrub 
@ 22 
® 26 
60% cover 
1 
30% cover 
with trees 
23 
25 
11 aa; 14 pahoehoe 
without trees 
12 aa; 13 pahoehoe 
10% cover 
2% cover 
.1% cover 
Figure 2 shmvs the interval numbers 1-13 in relation to elevational 
range (in 1,000 feet). Thus, interval #1 = 4 - 4.49 thousand feet. 
interval #2 = 4.5 - 4.99 thousand feet, etc. Also shown are the transect 
segment numbers and names in relation to elevation. 
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Transect 
Segment If 8 7 6 5 4 3 2 
13 
Elevation 4 5 6 7 8 9 10 11 
(1,000 ft.) 
Interval If 1 2 I 3 I 4 5 I 6 I 7 8 I 9 I 10 I 11 112 J13\ 
FIG. 2. Showing the relation of elevation, transect segments and 
interval numbers for sampling the upper Mauna Loa 
Transect (from 4,000 - 10,500 feet elev.). 
The concept of "main life form group'l is here defined very, broadly 
to incorporate everyone I s idea of hmv he sees best fit to group his species 
lists into the most appropriate life form classes. 
For the plant ecological analysis, a 4-way break-down into life form 
communities seems appropriate. He intend to name these: (1) tree communities, 
(2) shrub communities, (3) grass communities, (4) moss communities. Hi thin . 
these we may distinguish synusiae (= species of the same life form growing 
together). But the 4-way break-down may be least ambiguous for the other 
biologists on the IBP team. 
ANALYSIS IN FORM OF TI-JO-\,lAY TABLE 
Since we have transferred all 62 releves done so far in the Park to the 
computer, we are now arranging the 21 already established reI eves on the 
upper Mauna Loa Transect by computer into a nvo-\V'ay table. 
The format will be as follows: 
SPECIES 
Life form group 
(1) Tree communities 
Height layer A 
Species a 
b 
c 
etc 
Height layer B 
Species a 
b 
c 
etc. 
Releve If 
Other height layers 
ALTITUDINAL GRADIENT 
Interval number 
"'1,. 2· 3. 
62 39 21 
--- ------
etc. 
Releve If· _ _ .. _ __ ' 23 __ - etc. 
(2) Shrub communities 
Structural layer, etc. 
Species a 
b 
etc. 
Releve'lf • 19 20 40' 
(3) Grass communities 
Species a 
b 
etc. 
" etc. 
The important feature of this t~·lO-"t.]ay table is its flexibility. In 
the left hand column are the species listed under appropriate life form 
categories. Any number of other life form category and species can be 
added. Across the table head are the altitudinal intervals with ahlays 
3 spaces beneath. Only some of these are filled with releves so far. 
There are a number of empty spaces. These, we try to fill up this summer 
with additional vegetation samples. 
The species quantities are recorded in the body of the table. We 
intend to use percent cover for all plant life forms, but density and 
frequency values would fulfill the same purpose. 
The distribution ranges of each species will be shown automatically 
by the spread of quantitative values across the table (= altitudinal 
gradient). At the moment, the number of releves is too small to show 
any valid curve trends of species distribution and abundance along the 
environmental gradient. 
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However, when the gaps are filled ~-lith additional data, '..Je will obtain 
sufficient information for a correlation analysis of species distributions 
and modes. 
FURTHER STEPS 
Once the species ranges and peaks are analyzed for all organisms that have 
been sampled along this altitudinal gradient~ we will have data to demonstrate 
the degree of interaction among the biota. 
The next question then will be to determine clearly the nature of this 
interaction for each major species and life form group. At this point, 
the interaction models that ';-Ie have been talking about will be changed from 
merely ideal structures to realistic structures in relation to the major 
environmental changes along this altitudinal gradient. 
PARTICIPATION 
Following is what I would consider an ideal participation in the Mauna Loa 
Transect study. It should be possible to obtain meaningful distribution-
abundance curves along the elevational range from 4,000 to 10,500 feet for 
the various life forms on y}hich "t~e have put the stress in our program. Broadly 
defined, these may be listed as: 
Botanical organisms 
1. Hoody plants 
2. Herbaceous plants 
3. Mosses 
4. Lichens 
5. P.lgae 
6. Fungi 
Vertebrates 
7. Birds 
8. Mammals 
Invertebrates 
9. Drosophilidae 
10. Diptera 
11. Homoptera 
12. Heteroptera 
13. Sciaridae 
14. Soil inhabiting arthropods and mites 
15. Litter inhabiting ants, coleopterons scavengers 
16. Bark inhabiting cerambycid beetles 
17 Others 
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HEMORAND ill-l 
TO: IBP Participants 
Botanv 
G. E. Baker 
H. Brown 
C. A. Corn 
H. S. Doty 
D. C. Friend 
C. H. Lamoureux 
D. Mueller-Dombois 
G. O. Spatz 
R. Becker (Grad. Asst.) 
R. Cooray (Grad. Asst.) 
P. Dunn (Grad. Asst.) 
L. McGurk (Grad. Asst.) 
B. Furmidge (Site Manager) 
T. Herat (Plant Identifier) 
L. Matsunami (Technician) 
J. Craine (non-salaried) 
R. Gay (non-salaried) 
J. Porter (non-salaried) 
Entomology 
J. vI. Beardsley 
C. J. Davis 
M. De lfinado 
l-1. Gagne 
J. L. Gressitt 
F. H. Haramoto 
D. E. Hardy 
F. Howarth (Technician) 
J. Jacobi (Technician) 
T. Nishida 
F. J. Radovsky 
G. A. Samuelson 
vI. A. Steffan 
M. Conant (Grad. Asst.) 
J. Leeper (Grad. Asst.) 
L. Nakahara (Grad. Asst.) 
FROM: D. Mueller-Dombois 
Vertebrates 
A. J. Berger 
R. E. l1acMillen 
P. Q. Tomich 
Genetics 
G. C. Ashton 
H. L. Carson 
H. P. Mi 
Y. K. Paik 
S. Yamashiro 
W. Steiner (Grad.Asst. 
K. C. Sung (Grad.Asst. 
Microenviron. Anal. 
P. C. Ekern 
Agric. Engineering 
T. Liang 
SUBJECT: Workshop Symposium, October B, 1971 (Friday, whole day) 
9:00 a.m. - 5: 30 p.m. in Bishop Huseum Conference Room 
4th Floor 
Agenda 
Current business 
Report on Dallas Meeting 
Program (see objectives bel.moJ) 
A. Kilauea Hontane Rain Forest Study 
Chairman: A. J. Berger 
9:30 Tree population struct,_!re and dynamics. Ranjit Cooray (15 min.) 
9:50 Spatial pattern of plant synusiae. Jean Craine (15 min.) 
10:10 Progress report on small mammals. P. Quentin Tomich (10 min.) 
10:30 Foliar insects on Koa and Ohia trees at four sampling points. 
Wayne Gagne (1) min.) 
SHORT COFFEE BREAK 
11:00 Sciaridae: Comparison of two sampling sites within the forest and 
with a Koa stand on Mauna Loa. W. A. Steffan (15 min.) 
Illl:' He£T1o-randum 
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11:20 Hawaiian Drosophila: A comparison of Kilauea and Olaa Forests. 
H. L. Carson (10 min.) 
11:35 Variation of phyllosphere fungi. Gladys E. Baker (15 min.) 
11:55 Koa growth rates in relation to aGe. Guenter Spatz_(20 min.) 
LUNCH BREAK 
B. Hauna Loa Transect Study 
Chairman: J. L. Gressitt 
1:30 Gradient analysis of vascular plant communities. D. Mue11er-Dombois 
(20 min.) 
2:00 Foliar insect communities between 4,000 and 7,000 feet. Wayne 
Gagne (10 min.) 
2:15 Distribution of an introduced koa-psyllid along Mauna Loa transect 
from 4,000 - 7,900 feet. J. W. Beardsley and John Leeper (sPeaker) 
(10 min.) 
2:30 Arthropod communities on l1etrosideros from sea level to 7,000 feet. 
T. Nishida, F. H. Haramoto (speaker) and L. Nakahara (15 min.) 
2:55 Phenological observations on woody plants. J. Porter and C. H. 
Lamoureux (20 min.) 
3:25 Koa germination study. Guenter Spatz (15 min.) 
COFFEE BREAK AND GROUP DISCUSSIONS 
C. Hauna Kea Transect Study 
4:00 Gradient analysis of insect communities along Wailuku Stream. 
E. Hardy and M. Delfinado (20 min.) 
D. Species Variation Studies 
4:30 Variation in Metrosideros. Carolyn Corn (15 min.) 
4:50 Variation in Metrosideros. Hil1iam Steiner (10 min.) 
MEETING SHOULD END BY 5:30 p.m. 
I would like to emphasize that this workshop symposium is an 
informal meeting, in which one objective is to inform each member in 
IBP t1emoi:andum 
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our group aGout what each of us has been doing so far. Input during 
discussion-periods is valued just as much as the reporting itself. 
A second, but no less important, o~jective is a reorientation 
on our goals as a major integrated research program of the US-IBP. 
Remember that we have to demonstrate integration of results to obtain 
continued funding. 
G~ests are welcome. although presence of a non-participating 
audience is not emphasized at this time. However, invitations for 
participation will be sent to Hr. Gene Kridler (Director. U.S. Bureau 
of Sports, Fisheries and Wildlife), the new superintendent of 'Hawaii 
Volcanoes National Park, Mr. Bryan Harry, also to Don Reeser, Ken 
Baker and Hin Banko, who have shown m'..lch interest in our program. 
Also, Mr. Norman Carlson, Bishop Estate Forester, ~'lill be invited. 
He is the person who suggested the Kilauea Forest Study and provided 
access to this major research site. 
A 35 mm slide projector and an opaque projector will be provided, 
also coffee during the breaks. 
Natural History of Toxoplasma gondii 
Gordon D. Hallace 
Pacific Research Section 
National Institute of Allergy 
and Infectious Diseases 
The protozoan parasite, !. gondii has been known for years to commonly 
infect a variety of homoiothermic animals including man, and to occasionally 
cause severe disease and death. The basic methods by which the parasite is 
maintained and transmitted in nature, however, have not been elucidated. 
Current epidemiologic and experimental data suggest the following '-Jorking 
hypothesis: felids are the definitive hosts of the parasite, small homoi-
othermic animals such as rodents and birds are intermediate hosts, and 
certain coprophagic insects such as flies, cockroaches and beetles are 
transport hosts. 
The Kilauea Rain Forest and Maunaloa Transect studies offer an excellent 
opportunity to define ecosystems in which the parasite is propagated, or 
not propagated, whatever the case may be. Small wild mammals such as rats 
and mongooses can be used as indicators of the prevalence of Toxoplasma. 
by testing their blood for the presence of specific antibody. 
Blood specimens from 32 rats (Rattus rattus), 3 mice, and one mongoose 
collected from Kilauea Rain Forest since April 24, 1971 have been tested 
for Toxoplasma antibody. Of these one rat and one mongoose, caught on the 
same date in the same trap line were positive. However, the data are yet too 
few for any conclusions. 
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Report on Oakridge Meeting, Nov. 4-6, 1971 
The meeting consisted of three parts: 
A. The 1971 annual meeting of the US/IBP National Committee (Nov. 4 and 5) 
B. A joint meeting of IBP Directors with the IECP committee (evening, 
Nov. 5) 
C. A meeting of the IBP Biome Directors (Nov. 6) 
A. US/IBP National Committee Meeting 
This two-day meeting took place at the Oakridge National Laboratory 
(Tennessee), which is the home-base of the Deciduous Forest Biome. The meet-
ing was attended by 35 members, including the US National Director of IBP, 
Frank Blair, representatives of the National Academy of Sciences (Dick Oliver, 
Sam McKee), members of the Central Office of the US/IBP from Austin, Texas 
(Bill Milstead, Norris Loeffler), the directors or alternates of the programs 
in the Environmental (EM) Component, and the directors of the Human Adaptabi-
lity (HA) component of IBP. 
The main agenda items were: 
1. US/IBP Progress Report #5 for next year (FY 73) 
2. FY 73 Budget Information 
3. Future of US/IBP 
4. Fifth General Assembly of IBP, Seattle August 30-Sept. 7, 1972. 
5. Field Trip 
1. Report 115 
Each participant was handed a copy of Report 1,4, entitled "Research Pro-
grams Constituting U.S. Participation in the International Biological Program' 
(1971, l2lp.). This report, which is bound in a red cover, will be distribu-
ted to each IBP participant within the near future together with the 1971 
Directory through the IBP office at the National Academy. Report #4 contains 
a distillation of the progress of each individual US/IBP program. It is not 
a report of scientific results, but merely informs generally on concepts and 
progress up to Spring 1971. At that time our ISLAND ECOSYSTEMS program had 
just begun, and Report #4 contains abstracts of a short progress report on 
the Hawaii IBP that I submitted to the National Academy of Sciences in Febru-
ary 1971. Accordin~ to Dick Oliver (Secretary of US/IBP at the National Aca-
demy of Sciences) Report #4 has been very effective in obtaining congressional 
approval for the FY (Fiscal Year) 72 funds. 
Report #5 is planned to present a degree of further integration of all on-
going US/IBP research. The chapter outline was discussed. A tentative agree-
ment was reached. Each IRP (Integrated Research Program) director is to sub-
mit his contribution to Report #5 by December 1, 1971. 
2. FY 73 Budget Information 
Each IRP director had to submit budget estimates for FY 73 and Fy 74 
during the meeting. No guidelines were given this year as to the amount of 
funds we may realistically expect for FY 73. In addition, each IRP director 
was asked to make a close guess as to the distribution of funding sources he 
expects, including NSF. Following is a breakdown of our past, present and 
~o 
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anticipated future funding as declared by me during the budget session for 
the Island Ecosystems (Hawaii) Program: 
Total NSF USDA 1 USDI2 Industry 3 
FY 71 $245,000 240,000 5,000 
FY 72 430,000 423,0004 7,000 
FY 73 700,000 450,000 90,000 150,000 10,000 
FY 74 700,000 450,000 90,000 150,000 10,000 
1 US Dept. of Agriculture 3 Industry here meanS Bishop Estate 
2 US Dept. of Interior 4 Includes Drosophila Project 
3. Future of US/IBP 
This was the topic also of the Dallas Meeting (Sept. 27, 1971) about which 
I reported briefly at the last Workshop Symposium on October 8. As you know, 
the IBP will end officially in 1974. Problems about the future fall into two 
categories: conceptual and organizational. 
Conceptual Developments 
Each IRP director was asked about his views on the future of his regional 
program. Except for one, all expressed a desire to continue the program be-
yond 1974. The exception was Otto Solbrig (Harvard) who directs the Desert 
and Mediterranean Scrub programs. Solbrig said, that he anticipated finite 
objectives particularly for the Desert Scrub program that the questions asked 
for these objectives will be answered in the course of the program and that 
he sees no need for continuation afterwards. In contrast, the need to continue 
the programs beyond 74 was emphasized by all others. Most said that they 
were just getting started and that new questions tended to come forth as they 
progressed. The new orientation evolving is towards a greater consideration 
of man as a factor in the environment, towards a modification of the biome 
concept to include variously man-modified and man-dominated ecosystems and all 
significant ecosystems of a larger region. All biomes work towards more vali-
dation in the sense of regional comparisons. For example, the Desert Biome 
(under Dave Goodall) is establishing validation sites in Tunisia, Israel and 
India (Tar Desert) with PL 430 funds. Similar developments are underway in 
the other biome programs. I pointed out that we see our future development 
in two directions: (a) Intensification from our present approach of biota evalua-
tion in terms of SOCiological ecology (i.e., species recording, assessment of 
their quantities in time and space, study of their interactive functions) to 
process ecology (i.e., the study of ecosystem metabolism)~ (b) Transfer of 
our activities to other sites, transects and islands. I pointed out that our 
present sites are not yet representative of the Hawaiian Islands as a whole. 
As a further concept, I elaborated our aim of joining ecological studies of 
communities with evolutionaty studies of species populations to eventually 
come to an interpretation of the evolutionary development of ecosystems. In 
contrast to the mainland ecosystems studies, our program is accepted as unique, 
if we are able to come up specifically with contriJutions to island ecosystems 
evolution. 
Organizational Development 
A major prediction made during the conference was that INTERNATIONAL 
RESEARCH PROGRAMS (IRP's) are here to stay. However, there is no attempt to 
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transfer any of the US/IBP programs into a new super-organization, unless the 
individual IRP's demonstrate a strong capacity for survival as IRP's. It was 
predicted that a fel-l programs will probably dissolve, but that some (particu-
larly the major Biome programs) will most certainly survive. I would like to 
have some input on your part whether you think it desirable or not that the 
ISLAND ECOSYSTEMS IRP should be planned for survival beyond 74. 
possibilit 
Much time was spent on discussing what structure could replace IBP. One/ 
is to abandon any coordinating structure for the various US/IRP's. This alter-
native would make sustained funding very improbable. A new international-
intergovernmental structure would be the emerging UNESCO program ; Man and the 
Biosphere' (MAB). Planners of this program hope to inherit IBP. However, 
MAB cannot be expected to serve as a funding agency, because it is merely a 
United Nations program. Therefore, connection with MAB will be sought, but 
not as a funding agency. NSF will probably remain the primary funding agency. 
It was thought expedient not to seek a Federal Governmental structure. The 
reason for this is to preserve independency. The recently formed Institute 
of Ecolo~y (TIE) was thought to be the best probable future umbrella. This is 
a non-governmental US research organization that is just emerging as an insti-
tute promoting integrated ecosystems research. Steps were initiated to explore 
these possibilities further. 
4. Fifth General Assembly of IBP 
This will be the last general assembly of IBP which will take place in 
Seattle next summer (August 30-September 7, 1972). There will be two general 
symposia at this meeting (a) Productivity and (b) Human Adaptability. The 
scientific input of the Hawaii program to the Seattle meeting will be very 
limited as we have little going on as yet under (a) and nothing under (b). 
However, we were urged to contribute with an exhibit depicting significant 
phases of our Island Ecosystems program. What we could contribute is perhaps 
a slide show with recorded voice. Professor Nishida's and Dr. Haramoto's 
"show l of October 8 would be a good example. We could also present a large 
colored chart of the Mauna Loa ecosystem transect with ribbons going to inter-
esting ("eye-catching) research activities and results in form of photographs, 
display boxes, etc. Please give this some thought. This is very important. 
A film for educational purposes is planned for the Coniferous Biome. I have 
invited the Public Relations Group of IBP to make a similar film about our 
Hawaii program in the anticipation that such a film may help greatly in the 
conservation problems of the Hawaiian Islands. 
5. Field trip 
The afternoon of Nov. 5 was spent on a field trip to some research sites 
of the Deciduous Biome at Oakridge. Several half-hectare forest stands are 
intensively investigated and instrumented for environmental measurements and 
research on primary and secondary production and decomposition. Among the 
instrumented components shown were CO2 uptake research facilities. A lift-
truck is used that can position the researcher with a gas-analyser into any de-
sired section of the crown-canopy. A 30 m high instrument tower was established 
for radiation measurements, foliage increment analysis and insect sampling. 
Very impressive was the Oakridge Watershed study. Here two weirs give contin-
ous records of stream outflow. One of the regional objectives is to measure 
the absorptive and recycling capacity of the deciduous forest for airborne and 
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precipitated industrial pollutants. Therefore, water quality is continually 
monitored in the experimental watershed. Also, experiments with induced pollu-
tants are underway. 
B. Joint meeting with IEPC committee 
IEPC stands fgfs$nternational Environmental Protection Committee. The 
committee is known/as the ~~lone committee. It is comprised of 4 members of 
the National Academy of Sciences (T.F. Halone, David Gates, F. E. Smith, 
Nathaniel Wollman). The IEPC is a recently established National Academy com-
mittee of considerable political influence involved in promoting US and Inter-
national research in the environmental sciences. The committee was on its 
way to a MAB conference in Paris, where preparations are being made for the 1972 
Han and Environment meeting in Stockholm. The IEPC committee is concerned 
with the future of the US/IBP and will consider future sponsorship of selected 
IBP research. 
C. Meeting of IBP Biome Directors 
Although Hawaii is not one of the Biome programs, I was invited to parti-
cipate. At the Dallas meeting (Sept. 27),a restructuring of the six US biomes 
was decided by vote. The reason for restructuring was to increase interbiome 
coordination to achieve better calibration of research and results. Only 5 
of the 6 Biomes are presently funded. The sixth Biome (The Tropical Forest 
Biome) has only received a planning grant for submitting an integrated propo-
sal which may be presented early next year by H. T. Odum. In addition to the 
five Biomes, there are four other IRP' s (Up~.,e lling Ecosys terns, Desert Scrub, 
Mediterranean Scrub and Island Ecosystems). Only Island Ecosystems was pre-
sented, and our program is nov] considered for a joint coalition with the five 
Biomes. We will retain our independent approach but may join in the following 
coordinated activities, the first of which has already become a reality: 
1. Specialists meetings 
2. Staff rotations 
3. A common Newsletter 
4. Data dissemination and information center 
5. Public information programs 
6. Conceptual development group in ecosystems analysis 
7. Hodelintj 
3. International coordination 
9. Research designs of man-influenced systems 
10. A ten-year research plan 
Each of the above 10 points (plus 4 others not worth enumerating here) 
received detailed discussions of pros and cons. The main emphasis was nega-
tive to a centralized directorate of all US ecosystems programs; instead, how-
ever, a coalition with some centralized activities, such as the above is 
sought. The final form of restructuring will be decided in a follow-up meet-
ing (probably end of January '72). At that time, it will be decided in what 
structure the Environmental Component of the US/IBP will be transferred to a 
sponsoring organization (probably TIE) in 1974. 
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Attached is a press release (only for principal investigators) informing 
further of the above developments. 
D. Mueller-Dombois 
Attachment 
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MEMORANDUM TO; IBP Participants 
Botany 
G. E. Baker 
M. Brown 
C. A. Corn 
M. S. Doty 
D. C. Friend 
C. H. Lamoureux 
D. Mueller-Dombois 
G. O. Spatz 
R. Becker (Grad. Asst.) 
R. Cooray (Grad. Asst.) 
P. Dunn (Grad. Asst.) 
L. McGurk (Grad. Asst.) 
B. Furmidge (Site Manager) 
T. Herat (Plant Identifier) 
J. Craine (non-salaried) 
R. Gay (non-salaried) 
J. Porter (non-salaried) 
L. Matsunami (Technician) 
Entomology 
J. W. Beardsley 
C. 'J. Davis 
M. De1finado 
W. Gagne 
J. L. Gressi tt 
F. H. Haramoto 
D. E. Hardy 
F. Howarth (Technician) 
J. Jacobi (Technician) 
T. Nishida 
F. J. Radovsky 
G. A. Samuelson 
v]. A. Steffan 
J. Leeper (Grad. Asst.) 
L. Nakahara (Grad. Asst.) 
Vertebrates 
A. J. Berger 
R. E. MacMi llen 
P. Q. Tomich 
Genetics 
G. C. Ashton 
H. L. Carson 
M. P. Mi 
S. Yamashiro 
W. Steiner (Grad. Asst.) 
K. C. Sung (Grad. Asst.) 
Microenviron. Analysis 
P. C. Ekern 
FROM: Dieter Mueller-Dombois, Scientific Coordinator 
SUBJECT: Miscellaneous Items 
1. Our revised second-year budget of August 9, 1971 has been 
approved as it stands. I received a phone call from Dr. J. M. Neuhold, NSF, 
Washington, D. C., to this effect. Dr. Neuhold is the new Director of Eco-
system Analysis, replacing Dr. C. F. Cooper this year. A formal letter of 
approval of our second-year budget will arrive soon. 
2. A new development in the US IBP is the establishment of 
50-called "specialists committees.' The purpose of these committees is to 
coordinate work across the individual programs in particular areas. I have 
sent in the names of people on our programs ttat seemed to best fit the es-
tab Hshed areas: 
(1) Storage and retrieval 
(2) Modeling 
(3) Phenology 
(4) Nutrient cycling 
(5) Decomposition 
M. P. Mi 
(Sandra Yamashiro) 
H. P. Mi 
(Mrs. Ruth GaY) 
C. H. Lamoureux 
(John Porter) 
we have as yet no program in this area 
G. E. Baker 
(D. J. C. Friend) 
(6) Meterology 
(7) Consuwer processes 
(8) Primary productivity 
1'. C. Ekern 
M. De lfinado 
(Frank RadovEky) 
D. J. C. Friend 
CR. Becker - a ne\-l Ph.D. student in botany) 
3. A further new devclo~~ent along the same line is a rethink-
ing in the Biome IEPs on the aspect of conp&ring their studies from bio~e to 
biome. So far, ouch stress had been given to intensification of within-biome 
research, but the aspect of conparability had been more or less neglected. In 
this new orientation, the (rigin-and-3tructure-of-Ecosystems-Subprograms, of 
which H'::'Claii rBP is one, are pulled in. A rc.eeting on this ne~l orientation will 
be held in Dalbo on Se;.>tember 26-27 at \ihich I 'ivas invited to particip.:1te. 
4. 'de should now plnn for a workshop meeting in early October. 
I heve already discussed this point uith A. Berger and J. L. Gressitt. It uould 
scem ap;.>ropriate to hold the next workshop coeting as an informal symposium, 
where individu~l subproJects may be discussed as to their results obtained so 
far. 
! am thinking of 15-20 ~inutes long presentations by IBP members 
with subsec:"ent d:_scussion periods c~ 5-10 minutes. Perhaps ~ve should take a 
full day or half-a-dAY for this next meeting. 
:f you intend to speak nb~ut the r~sults of your progrem obtaine~ 
thus far, please indicate so nnd give your to?ic cnd tioe-Iength you will need to 
Lynnett2 at 944-8044 by S~-~c~bcr 20. Also, please indicate what ~ay of the week 
would suit you best for this next ~orksho,. 
::":c.:nediatei:' after Septer.,ber 20, I will set up a program and 
tice. The meeting should prefe~ably be held in the wc~~ of October 4 ~o 8. 
MEMORANDUM 
TO: 
FROM: 
SUBJECT: 
October 20, 1971 
IBP Participants, Hawaii Terrestrial Biology Subprogram 
i -' 
Charles H. Lamoureux .'_ " -\ \ \ ,t, , 
Report on meeting of Phenology Committee 
The U.S. National Committee for the IBP has established a number 
of specialist committees to bring about closer communication between the 
various biome projects and between the biomes and other IBP ecosystems studies. 
One of these, the Phenology Committee, met in Denver on October 16 and I re-
presented the Hawaii Subprogram at this meeting. 
We reviewed the present IBP ~henology activities in the grasslands, 
deciduous forest, desert, and tundra biomes and in the Hawaii subproject, as 
well as phenological projects of the U.S.D.A. and of the Wisconsin Phenolo-
gical Society. Dr. Forrest Stearns presented preliminary plans for a Phe-
nology Symposium to be held at the,AIBS meetings in Minneapolis next August. 
Much of our time was spent in discussion of ways in which collec-
tion of phenological data could (or evan if it should) be made more uniform 
among biome and ecosystem studies. While the committee realized that it 
would be neither possible nor necessarily desirable to collect the same kinds 
of data in all studies, we do hope to devote our next meeting to an attempt 
to develop some guidelines which would be applicable to all study areas. 
In order to do this, the committee needs input from investigators. 
Present studies emphasize phenological events in higher plants only, (with 
some conspicuous exceptions such as certain entomological studies which are 
going on in the Hawaii subprogram), and it would seem desirable to include 
observations on consumers and decomposers as well as producers. We need 
information from each of you to determine what types of phenological events 
should be recorded for the purposes of your studies. The committee has 
prepared a matrix and we would like you to complete as many portions of it 
as you can. Please return this to me by December 1, 1971. 
Also attached is a contribution from Drs. Taylor and Sayrs of 
Oak Ridge who have prepared a preliminary format for storage of phenology data 
for the Eastern Deciduous Forest Biome project. While this format considers 
only deciduous higher plants from the temperate, seasonally deciduous forest, 
and would not be applicable in any direct way to studies in Hawaii, it is a 
good indication of the kinds of phenological data being recorded by some 
observers. Members of the Phenology Committee have been invited to direct 
comments directly to Dr. Taylor, and if any'of you wish to do so, please 
respond directly to him (with a copy to me). 
The committee will hold its next meeting in January at the Univer-
sity of North Carolina. 
Begin 
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1. For purposes of your IBP studies, what phenological events should be 
recorded? 
2. Give a brief definition or description of the event, so that a person who 
is not a specialist in your field cOuld make a reliable observation of 
the event. 
PRODUCERS DECOMPOSERS CONSUMERS 
First 
vegetative i ! appearance ~ 
Ii 
; 
'I 
Peak Maximum 
vegetative numbers 
; 
! 
i 
i 
Begin ! Begin 
reproduc tive l reproductive , 
! 
!i 
Peak ii Peak " I j; 
reproductive I! reproductive 
ii 
!! 
i ! 
" 
!I 
il I 
Senescence :i Ii ! Disappearance jl , 
I' 
:1 
~ 
, 
~; 
I , , 
I i 
I ! I 
i 
Return to: C.H. Lamoureux, Department of Botany, University of Hawaii, 
Honolulu, Hawaii 96822 
By: As soon as possible, but not later than 1 December 1971. 
MEMORANDUM 
TO: 
FROM: 
SUBJECT: 
November 17, 1971 
IBP Participants, Hawaii Terrestrial Biology Subprogram 
Ruth Gay, Botany Department, University of Hawaii, Manoa 
Summary of US-IBP Specialist Meeting in Modelling, Octo-
ber 15-17. 
A resume of ~odelling activities in each of five biomes and 
three special projects were presented by Kent Bridges, Desert Biome; 
Bill Hatheway, Coniferous Biome; George Innis, Grassland Biome; Bob 
O'Neil, Deciduous Biome; Phil Miller, Tundra Biome; Norm Slade, Mediter-
ranean Scrub; John Walsh, Upwelling; and Ruth Gay, Island Ecosystems. 
The following intergroup activities were initiated: 
a. An annotated bibliography of modelling activities with a key word 
index will be issued quarterly. The existing bibliography will be 
key worded and supplemented annually. Please forward tome biblio-
graphic notes or xerox copies of modelling literature, published 
or unpublished, that you may see. Also please let me know if you 
want a copy of the key word index when it becomes available. 
b. A register of employment applicants will be circulated among the 
eight groups upon permission of the applicants. A dozen resumes 
of prospective modellers have been sent to me thus far. 
c. A directory of IBP modellers was prepared to encourage intergroup 
exchange of ideas. If you wish to be included in this directory, 
please notify me. 
d. The feasibility of preparing an educational manual of eco-games 
based on IBP research and modelling is being investigated. 
e. lBP modelling efforts will be presented in a symposium at the 1972 
AlBS-ESA Meeting. 
Decisions regarding future meetings: 
a. Committee composition will be invariant. If one program cannot be 
represented by its official representative, a substitute will not 
be sent. 
b. The next meeting will be held on the Big Island in late April or 
early May. The first day will be spent in visitations to field 
research sites and in orientation talks on Hawaiian ecology. The 
following four days will be devoted to developing a modelling stra-
tegy, formulating an ecosystem model and submodels, fitting submodels 
Memorandum to IBP Participants 
November 17, 1971 
Page Two 
together, and producing simulation and sensitivity runs. 
The goal of this meeting is to make concrete the various IBP views 
and approaches to modelling rather than exclusively to develop a 
guide model for the Hawaiian project. An important outcome for 
us, however, will be the valuable guidance and assistance to our 
Hawaiian modelling efforts. The other groups are willing to share 
their programs and mathematical resources with us as we set up our 
modelling activities. Specific arrangements for our role in this 
meeting will be forthcoming. 
250 
Report on meeting of Primary Productivity 
Committee 
D. Friend 
The first meeting Has held in San Diego Hovember l3-l4th 1971, 
with Larry Tieszen as chairman. Doug Friend attended as Ha~.;raiian re-
presentative. Host time Has spent in arranging for bet ter cooperation 
bet~Jeen biome committees and several recommendations \-lere made to this 
effect. 
1. The services of the Austin office should be used to 
distribute minutes of each biome committee to the 
members of other committees. 
2. Greater participation by members of other biomes at 
intra biame meeting probably by attendance of one ob-
server per biome. 
3. Increase in personal correspondence about meetings 
and projects. 
The main work of the committee in the future Has seen as the syn-
thesis of information at the interbiome level. The general programs 
of the biomes ",ere revieHed, the common factor being an attempt to de-
velop a mechanist ic model of photosynthesis, grovth and production. 
There are from 8 to 20 projects in most biomes related to production. 
It \.]as recommended that each biome provide the chairman ~.;rith a copy 
of the project outlines in these producer areas. In Ha\.;raii vIe have 
just made a start on one project in this field. 
Further time was spent on attempts to facilitate interbiome com-
parisons of methods, particularly for gas analysis and harvesting. To 
aid in this, a Plant Ecophysi010gical uorkshop on methods \-1ill be set 
up. Besides specific standards for sampling, it was recommended that 
soil. moisture and nutrient status should also be determined. It is 
hoped that standard gas cylinders for photosynthetic methods can be cir-
culated bet~"een biomes. It was strongly felt that as most primary pro-
ductivity tlOrk has almost been completed in most biomes (Hal-vaii has not 
yet 'started!), mineral nutrients ~"ill be the next field of emphasis. It 
is hoped that shared facilities will be available for mineral analyses. 
A second meeting is planned in Arizona in Harch or April to start 
the synthesis of material from biome productivity projects. 
To summarize, these meet ings ,,7111 be most useful to us in Havlaii, 
as ~.,re can adopt standard methods used in other biomes, and also plan 
to gather information that is immediately needed for intra-biame com-
parisons by the modellers. 
Report on meeting of Meteorology Committee 
P. C. Ekern 
The Meteorology Committee of the IBP met in San Diego, California, 
10 December. Most pertinent among the topics discussed was the 
calibration of sensors, particularly radiation sensors, with a common 
reference required among the biomes if comparisons of-this primary 
meteorological parameter are to be possible. Among other topics, 
the importance of modeling, and the parameters required of the meteo-
rologist as input for the many models unde~ way seemed to loom as 
an area of major importance in the design of metero10gica1 programs. 
A field trip on 11 December to the inland site of the Mediterranean 
biome laid immediate stress on in3trumenta1 sensor,. recorder, and 
interpretation demands. 
Nembership or. IS? Environmental Progr Specialist Conimittees 
Cc::iferous 
Forest 
Grasslands 
D!:;ciduous 
Cesert 
Tundra 
i nfor. Storage 
&- Retrievcl 
Bruce Bare 
David Swift 
Nancy SoI1i"5* 
Charles 
Romesburg 
Robert 
Porter 
~pwel1ir.g Eco Perkins 
Bass 
Tropical 
Forest 
hediterranean Beryl 
.-: uesert Scrub Vui 11~umi er 
Modeling 
B i 11 
Hatheway 
George 
Innis 
Bob 
0' Nei 11 
Kent 
BrIdges 
Phil 
Killer* 
John 
Walsh 
Norm 
Slade 
Pherology 
Art McKee 
Norm 
French* 
Helmut 
Lieth 
James 
MacMahon 
Patrick 
\.Jebber 
David 
Parsons 
Nutrient· 
Cyel i ng Heteorology 
Dale Cole* II )yd 
Jim Gibson Bob 
Burman 
Gray 
Henderc;on 
John 
Skuj i os 
Keith Van 
Cleve 
Dick 
Dugdale 
Charles 
lO'..Je 
Kenneth 
KnOef'f 
Inge 
-Otrmhirm 
Gunter 
Weller 
'William 
Smi th-
Gay 
Decom-
position 
Frieda 
Taub 
Frank 
C-lark 
Martin 
.,hi tkamp 
Eugene 
Staffeldt*, 
Robert 
Beno:t 
----------------------------------.-------------
Consumer 
Processes 
Wm. P. 
Nagel 
Dick Rice' 
o. A. 
Crossley 
Robert 
thew * 
Steve 
Maclean 
Andrew 
Moldenke 
Sa~dra M. P. HI C. H. P. C. Gladys E. Mercedes 
Primary 
Productivity 
Dick 
Wal ker 
Jack I-larshal1 
W. F. Harris 
Duncan Patten 
-larry 
Tieszen* 
Mike Barbour 
J. C. Friend 
_. _______ '''-'a;;;.;.m __ a;;.;;s;..h.;..:i.,;..r..;;;o __________ ~__ Q;:.;:(e::..;.r.:_n:._.* _______ .Bake"-'r ___ .:::D_""'e,.:..l.:...f.!.-'i n~a:::.:d,,-,o~ _________ _ 
Forest Stearns 
.. Chairman 
.. 
1 • 
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C-ll - Insect Interference in the Reproduction Cycle of Community 
Structure Forming Plants, Particularly Seed Feeders 
DESIRED STARTING DATE: September 1, 1972 
PERIOD FOR WHICH SUPPORT IS REQUESTED: 5 years 
PRINCIPAL INVESTIGATOR: W. C. Mitchell 
OBJECTIVES: 
To investigate the insects associated with seed development of two 
of the dominant species of trees in the Hawaiian Ecosystem, Acacia koa and 
Metrosideros sp. Determine the importance of the various insects a~their 
relationship to the host plant. Determine the relationship of the pest 
insect species to other plants in the same ecosystem and the relationship of 
these plants to the development of insect populations. Determine the 
relationships of insects to the sequence of events that occur in the polli-
nation, maturation and germination of koa and ohia lehua seed. This project 
will be a portion of the Sub-Group entitled ffReproduction Cycle of Ecosystem 
Structure Forming Plant Interferences, Pollination and Seed Feeders.!! 
PROCEDURES: 
1. Make frequent and regular field observations on the insects 
associated with the buds, flowers, developing seed, mature seed, and germinating 
seed of koa and ohia. 
2. Rear insects in the field to ascertain the biology of the pest 
species, type of injury, stage of host plant development that is attractive 
to the insects, period of egg deposition, etc. 
3. Examine other plants in the ecosystem to determine if other 
natural plant hosts occur that will carry the injurious insect populations 
through periods when koa or ohia flowers or seed are not present. 
4. Cage blossoms of the host plants to exclude insects and birds to 
determine if insects are essential for pollination and seed production. 
5. Make observations on parasites and predators of the injurious 
insects and attempt to evaluate their effectiveness. 
6. Utilize Malaise traps, sticky boards, black 1 ight traps, etc., to 
secure information on injurious insect movement and abundance. 
7. Compare data on injurious and beneficial insects for koa and ohia 
to determine the relationships between insects and the host plans. The 
complex of insect species may vary widely between species of host plant and 
locality. Such information will help determine the spatial distribution of 
the insects and host plant species. 
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B-4 
Photosynthesis, Transpiration, and Energy 
Exchange of Juvenile and Adult Koa Leaves; 
an extension proposal to the autecology of 
important native trees. 
L. L. Tieszen 
Acacia koa is one of the most economically valuable species in the 
forests of Haw·aii. IlmJever, at the present time its regeneration and 
spread is substantially restricted due to direct physical damage of the 
seedlings and/or sprouts by pigs, goats, and cattle, and due to canopy 
and soil moisture competition ~-1ith natur.aI. and in traduced grasses. The 
trees possess leaves (=phyllodes) Hhich are strongly inclined and mini-
mize direct light interception and possibly maximize ~vater conservation. 
In contrast, the juvenile leaves are generally horizontal; hmvever, they 
do appear to ,'lilt readily. Thus, they seem to maximize light intercep-
tion ~vhen .. later is not limiting but retain the ability to conserve mois-
ture ~vhen it is in short supply. An analysis of energy exchange, lvater 
utilization, and C02 uptake should lead to an understanding of the adapt-
ive strategy of this species and should provide information relevant to 
its management. 
The overall objective of this project is to characterize the canopy 
structures and environments of seedlings and trees and to obtain the 
necessary information on photosynthesis, transpiration, and energy ex-
change to predict energy, ~'1ater, and CO2 budgets under a variety of con-
ditions. 
1. Describe physical features of leaves in the canopies 
and determine fltypical" radiation, temperature, and 
l'latervapor profiles. 
2. Ueasure field photosynthesis and transpiration of 
juvenile and adult leaves under controlled conditions 
of temperature, light and humidity. 
3. Develop a canopy model to predict leaf responses. 
4. If time permits: 1horoughly characterize photosynthe-
tic response of cloned plants under grm·lth chamber 
conditions. 
This research l'lill be done at suitable locations along the ·.b'launa~ Loa 
Transect and in the Kilauea Rain Forest. 
Leaf area indices and leaf orientations l-1ill be measured for select 
adult and juvenile systems. Air temperatures ~'lill be measured along pro-
files through the canopies Hith a net~oj'ork of fine .. lire thermocouples. 
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Hater vapor ~lill be estimated Hith dew point hygrometers or special 
lithium chloride sensors. Radiation Hill be measured with a portable 
radiometer. The above ~7ill be spot measuremeets only to provide main-
ly a comparison of adult and juvenile canopies rather thlli~ a synoptic 
micro-environmental study. 
Light and temperature responses for photosynthesis and transpira-
tion of attached leaves and branches Hill be measured Hith a Siemens 
gas exchange system and accessory cuvettes. Sufficient detail ~ll be 
achieved to separate eas exchange into its component resistances. 
, 
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Tung Liang 
Born: 7 June 1932 
"i:larita1 status: l1arried; 2 children. 
Degrees: BS in Agr. Engr., National Tahlan Univ., 1956; HS in Agr. 
Engr. and Appl. Hech., IUchigan State Univ., 1963; Ph. D. in 
Agr. Engr. and Systems Analysis, North Carolina State Univ., 
1967. 
Positions held: Asst. Engineer, Shimen Dan Const. Co. 1957-58; Asst. 
National Taiwan Univ., 1958-62; Lecturer, National Taiwan 
Univ., 1963-65; Asst. Prof., Agr. Engr., Calif. St. Poly tech., 
1967-68; Asst. Prof., Agr. Engr., Univ. of Hawaii, 1968-71; 
Assoc. Prof.. Agr. Engr., Univo of Ha,'Taii, 1971-present. 
Professional societies: Operations Research Society of America; 
American Society of Agricultural Engineers. 
Selected Pub1icat ions 
Systems Approach in Agriculture. T. Liang and H. H. Gitlin. HA'\vAII 
FArM SCIENCE 18(3):4-7 
Optimize Agricultural Product Size Sorting Operation by Dynamic Pro-
gramming Nethod. T. Liang. JOUR. OF AGR. ENGR. RES. 14(2): 
139-146. 
Random Function Node1ing of l1acadamia Nut Removal by Hu1tip1e Frequen:" 
cy Vibration. T. Liang, D. Lewis, J. K. Hang, G. E. Honroe. 
ASAE Paper 70-132 .. Presented at the ASAE Annual summer meeting, 
l-linneapo1is, Hinnesota, July 8-10, 1970. 
Scheduling Bioproduction Harves t. T. Liang. H. Y. Huang, J. K. Wang, 
Accepted by OPERATIONS Research for publication. 
Optimal Design of Furrmv Length of Surface Irrigation. 1. P. Wu and 
T. Liang. Journal of the Irrigation and Drainage Div., 
ASCE 96(IR3) :319-332. 1970. 
Systems Approach to the Design of Sprinkler Irrigation. T. Liang and 
1. P. ~']u, ASAE TRlL1\JS. 13(5) :618-621. 1970. 
A Systems Approach to Optimizing Papaya Fruit-Package Height Control. 
T. Liang. ASAE TRAl~S. 13(1) :133-137. Jan.-Feb. 1970. 
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Farm Hachinery Haintenance - A Rene~va1 Process l1Iode1 for Predicting 
Inventory .Demand. T. Liang and D. A. Link. ASAE TRP~S. 
13 (3) : 39 5-397. Nay-June 1970. 
Farm Hachinery Haintenance - Scheduling Preventive l'laintenance by 
Dynamic Programming Harkov Chain Nethod. T. Liang and D. A. 
Link. ASEATR.N.'l'S. 13(3):398-405: Hay-June 1970. 
Design Conduit System by Dynamic Programming. Journal of Hydraulic 
Division, ASCE 97(HY3) :383-393. 1971. 
Ruth A. Gay 
Born: 13 January 1934, Omaha, Nebraska. 
Marital status: Divorced; 1 child. 
Degrees: BS, Colorado State University, 1955; MS, Univ. Hawaii, 1967. 
¥ositions held: Assistant Soil Science Research Officer, Australian 
L- Capitol Territory Forestry & Timber Bureau, 1955-56; Forestry 
J Librarian, Colorado State University, 1956-58; Teacher in Science 
and Mathematics, Park High School, Estes Park, Colorado, 1959-66; 
Instructor in Botany, University of Hawaii, 1967-present. 
Field experience: Plant ecology and taxonomy at University of Wyoming 
Summer Science Camp; oceanography at Puget Sound, University of 
Washington; ecology at Pingree Park, Colorado State University; 
plant ecology at Rocky MOuntain National Park, Univ. of Colorado; 
forest soils in Australia; forest ecology on the Island of Hawaii, 
Univ. of Hawaii. 
Research fellowships: NSF summer fellowship 1966, USDA McIntire Stennis 
Forestry Program 1969-present. 
Scientific & honorary societies: Hawaiian Botanical Society (Exec. Bd. 1971, 
President 1972), Ecological Society of America, British Ecological 
Society, Association for Tropical Biology, National Wildlife Federation, 
Wilderness Society, Phi Kappa Phi, Xi Sigma Pi, Delta Kappa Gamma, 
Beta Beta Beta, MOrtar Board. 
Selected publications: 
Response of two dry grasses to three soil moisture regimes. 
Ecology in ed. (with D. MUeller-Dombois) 
Invasion of natural vegetation in Waiakea Forest Plantations on 
the Island of Hawaii. In prep. 
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Justification for Construction of Two Woodland Cabins 
Our funded February 1971 proposal included plans to study at least one 
transect each on the islands of Maui and Kauai. It was indicated in that 
proposal that we need to construct woodland cabins on those two islands for 
that purpose. The areas from which we intend to operate, the NE slope of 
West Maui and Alakai Swamp on Kauai, have no established accomodations. 
Rainfall is extremely high at those locations and temperatures are low. 
Towards the latter part of the third year, some of our investigators will be 
ready to start working in these areas. 
For this reason, we are 
cabins, one for each island. 
helicopter. This adds $1500 
asking for funds to construct two small woodland 
The material needs to be flown to the sites by 
to the construction cost. 
Proposed lBP Grant Budget, 03 Year, 1972-73 
BUDGET SUMr1ARY 
I. University of HaHaii 
II. B. P. Bishop Museum 
TOTAL REQUESTED 
Requested 
from NSF 
$459,266 
$198,468 
$657.,734 
Institution 
Contribution 
$57,385 
$15,747 
